STEM CELL AGGREGATES AND METHODS FOR MAKI NG AND USI NG RELATED

APPLI CATI ONS [ 0001] The present application clains priority to United
States Provisional Application Nunmber 61/022,121, filed January 18,
2008, whi chSTEM OEDL AGGREGATES AND METHORS EOR MAKING BNOFUSIMNG

| NVENTI ON [ 0002] The invention is directed to conpositions of cel
aggregat es and net hods for nmaking and using the cell aggregates where
t he aggregates conprise cells that are not enbryonic stemcells but
can diffﬁFﬁﬂ%ﬁ L@pk ¥ gﬁFl types of at |east two of ectodernal,
endoder na mesoder mal enbryonic gernllayers stemcel | s.
BACKGROUND OF THE | NVENT|I ON Stem Cel | s 5?803 e e.I | s 21 eh. .

char act ef4%9Hd The prsert pnplicatign elapas bty fe*g%%ﬁw‘(a& PPIGHRR si on
Wi thout i f:h&8002, 1 BRA JARLy 83, Qm@fvhﬂhﬁd&&nﬂ@tdﬂm@@ﬁrby'réﬁraﬁcear e nore
differentiated. The qU|ntessent|aI stemcell historically-is the

enbr yoni e he ES cell has unlimted self-renewal. ES
cells arE@b%@%&lﬂm i nner cell mass of the blastocyst or
prinordial germcells froma post-lnplantatlon enbryo (enbryonal germ
cel | s or [08G2] ceThesinveriiign dn dirgeGdciel ¢omphsitians 1 easll heeTegaias, andnasibpdstipfer s,
{1 Om IMOUSSiing Qs YRR BioPLh TS AN B AR rer B o il il 8 o

bl ast ocyst's s can I'bute to °t1 ssues drawback to ES
cel | t heemlpyornics steaellsvhesrean diffesentiata tieel celh tyrss of pleatt tupofgrtaderp®d ang
EG cell s t ael l's can be
identiflé%8§§£%S§P%ﬁ%%E§%g?ﬁF%gg é%ﬂﬁgﬁ%?%%éﬁgzetg SSEA1 (nouse) and
SSEA4 (human the nolecular |evel, ES and EG cells express a
nunber oPAEK ﬁg%PprFgﬁE@QXFHFEmgpeC|f|c for these undifferentiated
cells. These include oct3/4 and rex-1. Also found are the LIF-R (in
nouse) afemiiels t ranscription factors sox-2 and rox-1. Rox-1 and sox-2
are al so expressed in non-ES cells. A hallmark of ES cells is

tel omer a@@ Sﬁnzﬁ% cafst e{ré/ E]IEYECtB}%qu 1t @M Q{%%aﬂabﬁ%@ sél?l’eheiva\l\’((%eh d%mél

unlimte f-renewa tential in vitro. See, for exanple
Pat ent Neihous diffs@ntisipn) @d@;@ of myeduging pepegmy thatsarg Awpre; digferentiated, Hig, -

5,914, 26(§nntn§séh§19 ey Bl %%Q)r@aﬁgp xs%ggﬁiﬂ%gﬁﬂ s@m‘lgﬁ}%uﬂ The 35 cdD has
6, 500, 66 6, 703, 279; 6 7; 029, 12, 437; .7, 145, 057;

7, 153, 6gaplimiedy scit- IzgwaSOES celliare oriigh ks e toner cell hass of thé blastoéyat cr

primordial germ cells from a post-implantation embryo (embryonal germ cells or EG cells).

ES and EG cells have been derived, among others, from mouse, non-human primates and
humans. When introduced into blastocysts, ES cells can contribute to all tissues. A
drawback to ES cell therapy is that when transplanted in post-natal animals, ES and EG cells

generate teratomas.

[0004] ES (and EG) cells can be identified by positive staining with antibodies to SSEA1
(mouse) and SSEA4 (human)., At the molecular level, ES and EG cells express a number of
transcription factors specific for these undifferentiated cells. These include oct3/4 and rex-1.
Also found are the LIF-R (in mouse) and the transeription factors sox-2 and rox-1. Rox-1
and sox-2 are also expressed in non-ES cells. A hallmark of ES cells is telomerase enzyme
activity, which provides these cells with an unlimited self-renewal potential in vifro. See, for
example, U.S. Patent Nos. 5,453,357; 5,656,479; 5,670,372; 5,843,780; 5,874,301;
5.914,268; 6,110,739 6,190,910; 6,200,806; 6,432,711; 6,436,701, 6,500,668; 6,703,279,
6,875,607; 7,029,913; 7,112,;137; 7,145,057; 7,153,684; and 7,294,508, each of which is
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i ncorporated by reference for teaching ES cells and nethods of making
them ES cells have been grown in aggregate form They are able to
form enabr 0| d MEREnatiRend By DSk haee.
[ 0005] O&’f eg%?’é;&gmnﬁﬁgng%% E‘é‘c@llgkrdéhg%ﬁogfl on a%ltor expressed in
the pr egehsérrgrbm inciggregrte foon. é‘hw;dgtedﬂ@@\fa!geetshrﬂgéb@mrwﬂ geosmvgthget t he

i nner ceI Ett as%*h%tb' astocyst, and in enbryonic carci noma (EC)
cells (N2 A cel | 957 379-91 (1998)) and is down-regul ated
when cells are |nduced to differentiate, ression, of oct3/4 gtla ys

an i npor (e096] r@c@m ﬁ:caeuémmso e @@nspxgpngvéaﬁ T iekpresserhiny B Brseasraatigny

differen ,ﬁﬁ}g@' Bt d£Ofhe WinkehlcdliQiasd of T BRESe st and in
transcri %’%n? na{m ctl glstg%é‘]% S n T 3 Y

Zn-finger protein rex
r equi r ed efabryonigi Pﬁfamﬁldethﬁem Pehplsatieal ES e PP s@#& ) aé‘ﬁdls

Ri zzi no, @{v{?%_%ﬁme S fnedbal o %&?erelaﬁ% 89 e@sx&azﬁ octBi@nplHaumhan
et al., M Bi ol 18 1866 78 (1998)). In ad SOX-

expr ess edmperiapSolede, detspminiag Sarly slerstip sRbTEREeL ?ff"'?t‘&f‘% éfét?/ﬁs
needed t Q&ﬁﬁlﬂﬁfon‘%y}oﬂ@tcﬁﬁs@s E*Qnsﬁﬁﬁti@bd'] abtlvetidanstitde - fnplet pi’bﬁﬁl 18%-4f dlso

Unanogho et al ., 23-36_(199 ES
((:el | 2 Ogngeqinpcﬁﬁnr maa:taugw m%féqmﬁlaﬁew&%%@@ %&&%@ nﬁ c@f’ﬁ “rf?%ygfe

oct 3/ 4 96RE Chmmidk Q@BSP?@B-@@F]@Q‘?)OB@:S -ShRstet tamu&m:atmozvmwams (1998)).
hunmans, oct3A and oct

e_oct 3B splice varia y
di f f er entn edditionceer2sciprresea iEYGEC Ju 2 @ﬁﬁe’é’@’i‘?giffeéﬁ?fla‘?‘g?e g isneetiel
pr evi ous lypefesk e\l 24t0qshRAKD undBfefcafAid stie ﬂﬁvab@ghs pedli, Mech Dar4st 23636

undi fferentl ated ES cell. See_Shi | Ci al . vel o

130: 25051&925)()285?3%6113@8[9%?“ ‘fR}ERﬂ‘ ggﬁ “errrﬁ?‘%P‘eﬁe\‘/‘%“n i on
provi de;s 135 ]??H@ﬁ“ﬁfﬂ |g6Hé ﬁ@ﬁi&;&h&dlﬁiﬂo a?lﬁa%gﬂ@qﬂi:emfan@éﬁ hmnamtmm mdlsf“ d
aggregate of cells conprises cells at ar m S,
enbr yoni €g8r Mg sphee ysian 18 dpynd lﬁﬁ‘&n%gﬁf B?inh?t%cpb%%l amals %% tm{‘;’ﬁl
t?/rges of ¢ }ice| Qasht (M prleviblity ei_?_ﬁ@i&ﬂnadﬁ/d,)eﬁst ]qumtefdalto a;ndspmgﬁ@(felr 1]

embr yoni ¢ e i i on g es a
conposi tluaﬂfp%ﬁ%fﬁﬁﬁsﬁﬁqg‘?l g@ﬁ‘r" tgp %@’f'ﬁegt 1%5%[?{ 2ICt(Ezu 'ure, wherein

sai d aggregate of cells conprises cells that are not enbryonic stem
cells, ersbiMIARY QRRTHE EEVENTION germcells and can differentiate into
cell types of at |least two of the endodernmal, ectodermal and

mesoder NMahoggTony ORine ihidAG&D %ﬁ)ﬂd‘é@@oﬂnpasm&h eomzfﬁém@t ar0 Bgdrepatened cells,
provi des "a p armaceutical conpositi o

r i si
phar maceothersit seifl agategats efipels woapprises Fe nlggg{lt‘estm cells, ﬁn%bryomc

wherei n said cABY P Geine cBils &Rl b 31@f€ﬂaﬁma$eem@eh1n Syfebaff adrieasnoto of the
enbryoni ¢ stem cel I's, enbr yondmng rqq@ ells, or germcells and can

di f f er enteréadermahegiodepsl apd HEw ReIERES of the endoder mal |
ectodermal and mesodermal enbryonic |ineages. [0009] 4. The

i nvent i onodoay t ker The mwettiea fa*thenprpﬂée:stal compositinprepmpriringeal apgregita ofivellp
from an gr?gﬂfgﬁtﬁot eS8 lshid aggrg%%eedfr}e ﬁaéognp?i%r SRS £ ncﬁ%{nlbﬂ'oﬁg %fn‘ Ses

cells th enpryoni emce onic germ cel
ger m cel |cslisaadbrgatic ghrmfcelﬂsemt geattleellswmbcaaledlffemgip@sﬂtgfcﬂhﬁmséégt 13450\5"00f

the endo d Hes endodeer%}aﬂ g&ocﬁﬁnal%ﬁl&i m%ﬁ%gf%hoﬁm&&%&. ¢ lineages.

[0008] 3. The invention further provides a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and an aggregate of cells, wherein said aggregate of cells
comprises cells that are not embryonic stem cells, embryonic germ cells, or germ cells and

can differentiate into cell types of at least two of the endodermal, ectodermal and mesodermal

embryonic lineages.



[0010] 5. The invention further provides a conposition conprising, in
cell culture, cells derived froman aggregate of cells, wherein said

aggregate of cells conprises cells that are not enbryonic stemcells,
embr yoni moger my.c elrhSinvéfiodRfer gRivides athpodtiontiombestereiliadeevidrian gel |

types of at |east two_of, the endodenpnal., ectoder nd Al
enbr yoni egsrqgﬁféfg éEﬁS: r’féefilf]smg.ag&fﬁ%ﬁﬁ ?F{)‘éeh% CYPPIE %eﬁsgﬁhﬂﬁ?%\??‘géﬁesﬂgg&@
‘phar macegtth cals, SRR et Bells WREMrSdelgard caddiffaramiatetinto atll typaofedeaabl e
carrier and ceil; deri ved frqg%fn ag%%kﬁe&%be of .ceeal S wherein said
aggr egat &Vof e %de‘é"b"hrﬁ?tf’%eé‘ga Jrgso BORSHSREST yoni ¢ st em cel | s,
enbryonic germcells, or germcells and can differentiate into cell
types of [0810]| efist Therpvefiot faghe pooiies asdmpositieoehapising, anerlliralga el
enbryoni ¢ | ineages. [0012]. 7o ' ' LV HRSha
conposi t?%’ﬁecgg?‘%rafls? %’e age %ficflgsé;g%ﬁl%@&%%g%gﬁ%%ﬁ%e. by éxposi ng an
aggr egat sotefabryehib stemolls; einbrysud ghraggiise grageam otlisaed vag diffmptintg dno el | s
that ar e, RoloSITBLYRIoF s LRIHGRLL SoroditHhl ¥R SoMRhdT LGy bl LiRbgdonn

cel I's andPESN eren%l a I ntd ce ypes of at least two of the
endoderm ectodernmal and nesodernal enbryonic_ |jneages, to conditions

produci n§0t4; d6.di Theeingention fathor. ployides dphasmaggutionh commyaNT FUPPFEE tPher
pr ovi desﬂﬁnﬁ% RSk 4L B RIBRH: e SinA GellsidBri€e@ flomCi laf égte offodlls filerotmdaldat ed
cel |l produce e€xposi ng an tkgil",ggregate of , cell s1 vvhﬁrei.n sai dl}ﬁ

aggr egat aeeeate ef gels eammsisisells thal pregioy gmbryogicsteniels FBPYYONT &R &R Yol | s,
enbryoni & GeEmg m@hSdifftentARS ik ¢al fyfestTdt Lan b Iifiercadddeial cootiomelel |
types of at |east two of the endodennal, ectodermal and nesoder mal

enbr yoni @dmeseigged empyortiAgSons producing said differentiated cell.
[0014] 9. The invention further provides a pharmaceutical conposition
conpri si pgix phar Teciawnticaafuttier povitet abbrepsiing ennpavds a diffekméiatenedllat ed
cell, said,differentiated cell - PV € ' afik eQatg of
cell's, M@?%F%g%%pas%a’raé iy ?)]?ge@géjl Egggs\réﬁlr%égrg@téggcl S t%ai_t are not
enbr yoni thatsiremnt emblysyic etinreylis obryenicrea] dells, ongerny aeltn ané pansdiffprantiafeat

can differentiate i.n I & 2l {0 RlsoddMBaesdrgaicomal
ect oder n‘ﬁfo %ﬁ%s%&%a%ﬁa’%ﬁwéﬁﬁﬂéo%?% rﬂ’e‘%?ogg%nat %mconsgi tions producing

sai d di flimeagesttd edmditioosgrbducingedbifftontakidec.nvent i on further provides a
conposition conprising a differentiated cell produced by exposing

cells deqom@}d §.r OMARAUEE BSBLEpO¥HIGE] bonpostisORRipiikiagsn peD dulairg g sai d
differentiated cell, wherein said aggre%ate of cells cog;gri S@%FI?Sel | s
m

that ar edifferentistedcolbproduced Bhixpesiesn aggpgalr il edls geieriL8id agemege

cel I s angnfatesdolld MAGRS b leRbiyBiio seRl delld, ¥RBSoflE gé@in deBig ot génmoeelf artdne
OO N R antats i ooll Bypas OF ot 19ats Forof e AcHMtaf, ectodbiasl Sid mesodermal

embryonic lincages, to conditions producing said differentiated cell.

[0014] 9. The invention further provides a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and a differentiated cetl, said differentiated cell produced
by exposing an aggregate of cells, wherein said aggregate of cells comprises cells that are not
embryonic stem cells, embryonic germ cells, or germ cells and that can differentiate info cell
types of at least two of the endodermal, ectodermal and mesodermal embryonic lineages, to

conditions producing said differentiated cell.

[0015] 10, The invention further provides a composition comprising a differentiated cell

produced by exposing cells derived from an aggregate of cells to conditions producing said



100161 11. The invention further provides a conposition, conprising,
incell culture, a differentiated cell produced by exposing cells
derived from eqgate of, cells t it r j s
di 1 or endFHRSIRECHT, SAASPe SareisgoraB A nbial Sl GRAEL B, Sfoaie |
t hat ar e seficchyybmyyaiicgsmentissed desn cellyiand onidiffogatiste g ¢oll tyrse ofjas deast

cells and c differentiate intq ¢ f: ast two of the
endoderrg‘%ﬁ? f?ﬂg?r‘ldlg%‘%ﬁﬁ ’eis?% elalr:'rliea‘{s%(]):l &%en%%gﬁ%%?ccﬁ{e?éﬁgages. [0017] 12.

The invention further provides a pharmaceutical conposition
conpri si @P16] phir Mle dwventival fughes previsies b cempasition.ciomprsing Mice YR 2at ed

cell pro . i cel i cNa¥e) R of carlbs to
condi !to i o%g%g‘%%%%i%ﬁlg%gdﬁﬂ %ddlﬁ# fceI?degir?{l iéz;eftﬁgd&f:l%:a} %a%?gﬁ%ai d éﬂ%%iglggat e

of cel | s comsitfsmp pwducing] spid diffesentinted ool Whergin syid ﬁg@"egéf"%c@éﬁ qowpri oni ¢
germ cel lgs, al%fnfgﬁﬁgo%?é d;tén 2. fdyonll doff AR 4 beéle And €l ditdtRRRwOf

at least two 0O e’ endoder nel, ectoderrnal and nesodermal, enbryonic
| i neages intd GOl &pesl 6f atTierst twavelibe epdodemeh srtofamadl; 4ad dnesodrapd FEpbrysic
maki ng alﬁngaggsr' egate of cells, said nethod conprising exposing cells
that are noC enbryonic stemcells, enbryonic germcells, or germ

cells and can differentiate into cell types of. gt |east two of.1he
endoder 01 b aduhavesiy HEESETHE CHBRVSHC PREage {opetenk b
condi t i ORBarkBcRicalib&Bpteé dartied bl agiifegiaed chD@idhceddy Sipesinpedht i on

further provides a nethod for. naking an aggregate.of I i I
Ul t ur e, deayed Tiom HoARRERTDPT G ERpReR PRERE SR Sifafifted Sl dgen, |
condi t i ORgid UpEertedTi e Saiptisealdlls thagae egadnthryontvestan pellsaémbrpalid geofir om

whi ch the aggregate_ is made.are.not e onij e I iC
gonn cel P O BB A B 5 AU ' Fal SR b 60 oL e FOmKA, ©
| east t WectbderinklenéneRdamabdmbrenicddesgenl and nesoder mal enbryonic

| i neages. 100201 15. The invention further provides a nethod for

making a @Y Tas bl kR ARAS dibilfes aSbARR R 60 AR GRIoN ol Beidl NG
a phar mac!eu cal'ly-acceptable carrirer wth an aggregate of cells,

sai d aggreget eonprisg dxosigrrpily Gpirge paicpbryopa stea&lln GROBRBF & %“’ﬂ%ft em
cells, e%prgéﬁp'cgllsgﬁfd”&aﬁft\i/%f&g?tﬂgehﬂﬁf RIE ks 0P RO 1EANWAI §f @k eRAlbRERLT Nt O

cell typées at | east e endodermal , ectodernal  and,
mesoder mabtodambalyendi mesodermwly embryonie Oliypages 116, copdiBons kT | Sd 15elfs
provi des a?%.g%g)od for making cells derived froman aggregate of
cells, sa thod conprising dis-aggregating cells in an aggregate

of cells, said_aggregate, of, cells conprigsi cells t e :
cribr yon: d0GBbmiRe e Moy TivE P Eaeiet s ik oh g @A LofiRls n
di f f er entebipb@uuteNiad eehdd doypasingéxpading @is tn ¢elloulafe, thenditidodwderathich

ect odennal. .a nmesoder gal . enfyr ic lin e 0, .
i nvent i offe# GF SI?@?”%’F%\V?%&? Sgﬂﬁéﬁ%’f’ W&pﬁﬁg@?fﬁ&% % é% F&%rﬁ Intlﬂér?nebryomc
Conposi t is@h celgietbiyaiiit gamaeliy bi sermgelisrnd codiffaeptiate mtocal wpds ofiptdeast

medi um cell s, derivyed fr an, aaar : erein said

aggr egat éw?)f’fsté%ﬂdg‘yeé%ﬂpercfé?ee%nakaeq%ﬁ%eggﬁﬁalg%ggﬁilo% ﬁtgr%%g yoni ¢ stem cel | s,
embryonic germcells, or germcells and can differentiate into cell
types of [0@20] ed§t Thwoingntioh duried crtevidegl 2 readiod I rFBRkIngs AQPHAERH Rl

embr y 0Nl GolohGAASSid b Ehudfing Bl HabBoulblly S RER ChrdiRwh an
met hod for fraking a pharnaceutical conposition, said nethod

conpri si rgeraghtd oficaks, seidheesresste efiealle aomprising cellsiths pie nebFRErErsemp ol |
derived f i HREERIR: SRicE] BEY Ukt Bfo Grakd S
conpri ses?&%goﬁfsagt a%ﬁg%gg?\r%tcegﬁ%‘?%%i c _setﬁzaam cel | st?genbr yoni c germ
cel |'s, orendmiematettodermpldndmasoderma qoiplEedgif-o cel | types of at

| east two of the endodernal, ectodennal, and nesodermal enbryonic

| i neages.




[0024] 19. The invention further provides a nethod for making a
differentiated cell, said method conprising exposing an aggregate of
cells, wherein said aggregate of cells conprises cells that are not

enbryoni go3ijemeelrhs mvem@ﬁMef: 86idts £aleltsd f@rmgergnestie dbrdved fidmcan
dlfferentlatelnto ceII es o? | east two

ot oder mABSICRA QT HUSGHBFIRIC) GBI s AR It R R RER 3 feIE e
produci nggeseph oflbdll @bBprisiaicalk Blake nok BEEH¢niCdem FHik, emurmmcl gorm f:a]ls,t her
providesamethdfg a diffe entlatfeaglégh {u b,
conpri si Ag8eRp é’ﬁ“%&’%&%tf’émﬂf“@eweé ° cﬁftﬂﬁreél °TG"

condi ti OQ&od@ﬁMhﬁﬁ@o&ﬁhﬂeﬂbfyﬁﬁﬁﬁﬁﬁag@I ed cell, wherein said aggregate
of cells corrprl ses cells that are not enbryonl c stemcells, enbryonic

ger m cel |gqj0r gk cel L3, andaean, gLl ef ShLA % Hhfnbel | VB0l at

| east t nnal mesoder nma ryonl c
| i neages;:onhﬁﬁiﬂﬁ], sﬂétmeﬂihe compriving firovoddoing; in@ra piltorginebdinmg cotis tdprisgd from

Ki | |
G 1 or enfl SezaeEe) {If VRE" Bl ety e & S BhiAks SR Soagt SRR, 08 2
cel | havstag c&dbﬁsml:pyomut@_mdcdﬂy oegfrusjali@ndmara@g’wgg@teentgf:elbt@qsgf gtdeast
conditi ON%, R4 %H&od&%af%&tgc%eﬂxh{ fa%ﬁ%@ﬁdd?ﬁnﬁp Mdmc nggg@l n said aggregate
of cells conprises ce

r onic stemcell s enbryoni c

germcells, or germcells and can dlfferentlatel oceII es of at
least twi0BY tHe Birdanventionl furtber: Baedsap mebrd R AR PI@HB

i neageswmph@l@&?kalg%em-gh%ofnﬂﬂs%& ddeikihg!h &)E@ﬁladéﬁl%éllfi%e;ﬁawﬁi‘idﬁw vhmr
maki ng a pharmaceuti cal nposi tion, said nethod ge?lnﬁrl S| ng @ tilip Xi ng
a phar maeedls derivad me&Eé%Eﬁfﬂ fo cgllsr Whesin aid peeEeegfe OF ealls FOPRIsESFetiL it

pr oduced,bYotxdephid Getcedd gmg,asle g6Hin &8l los g dammﬂtcamsfe@nmumng
said differentiated cel | reln sai geaﬁ’ﬁ 6‘% e‘?ﬁ, c1 relses
ol 't el Sebot b s it f i O TR SEP el g Pyt el Ry i et

germcells and can differentiate into cell types of at |east tvvo of
t he endop@ezdyal 19. eTheaoential ﬁxahsulpmsledaemmbd forrbakiona differentsiggeosll, pid028]

23. Th h
&t f o o RRse bplite Rl G2l kR (O ol RAB B Bty porprises

from an @@jgrtlmgareenmf engteydn ‘stgnocmliiilembwwslcmeudlﬁsll&ﬁgﬂﬁn‘d cells and can
di fferential el aII:%)lg 0 cbll \g&')% gil 4 Iéa?ﬂt fo%ggLeeegt%ﬁnﬁﬁ Bgt%hélﬁlfllc Qﬁmﬁks&?émﬂel I's

t hat are not ryonrc germce or germ
cells andnhrmmcdmfsems,momdm@mmdumwaid Ctlffffmélaf@ el | east two of the
endodermal , ectodermal, and nesodermal enbryonic |ineages. [0029] 24.

The i nve[ﬁbis(]m f()ur'fﬁEQE\chﬁ&thugﬁ'e? povidBs DRethéPfor i’miﬁhglﬂ diffefbhfifter RN sidt ed
cell, said frethod conprising exposing,. in Cﬁd: culture,,h cell guc erived

from an la@tgcrde@atpesw CEROPIRG 2 SEEERARIoF iceflss el Fhits °§%Hd&}1°“s pro

di f f er enfigali@dedtitled celVaBE Sk Baid @ggﬂaga@gf @ﬂﬁ&cﬂnﬂ&es@:alsl tBatﬁt@ﬂiﬁfdnﬁﬁ@nicel l's
are not enbr)fonlc stemcel |s, enb g gnecgg | n% gallts and
can di f f @ plis.SmEroRic geEbfall S:t°y'§¢é’§ "t“’”n% “B? °"t‘h "'é BdEr

ect odenng, 21 cHRAGHRAT, BRbdeBHRD aﬁmms@ddrmﬂeﬁ:g@s:uc ieagh] 25. The

i nvention further provides a method for making a ceII culture

conposi tj sai d_net ho n onbi_ni.n ept At el |
with a c@ﬁ?ﬁ Lﬁqtgw ﬁ%"ﬁnm @rd pa‘g}‘]f%‘ger enl?lthte?jb el E %a‘?n nlf11 g

pr oduc edcompoeuqmo sait gnetiekl| @ngssiby ecnifiniogn afiffagined atle wih 2 eﬁtlll gﬂw
conditi ons | ffer nt| at egate
of cells™® 'ﬁ% ‘Jsde\déf?%aéll%al F% lfavglﬁ A &g%f@oéﬁpos\ﬁ%t g@‘e?ﬁ%&ég’%f yoni ¢
ger m cel donditions pg{e.ﬂuang edid &ffamhmlteldiwﬂa‘eeumatd aagtegalmfcﬁeﬂww*}q@égusof at
| east t of t he r C

| i neage\l\{ﬁ TR Omﬁ'ﬁtam cﬁ\/seﬁﬁ’%omqr %uenltnﬁgl%ngrr gﬁg aggknaetﬁm(fx l

maki ng ampheiimgee of kickbst dmo*rpf)ﬂmtendndﬁmﬁh|edodmmﬁodldcm¢ﬁpdqr@tﬂlﬂﬂwcx| ng

a differgntiated cell wth a pharmaceutically-acceptable carrier,
sai d ceI]I1 R ng been produced by exposing cells derived from an

5



[0032] 27. The invention further provides a nethod conprising

adm nistering to a subject an aggregate of cells, wherein said
aggregat cel,l onpri.ses t o %Ey

cells, %l)n?é Srer mnge 5'33 fuﬁl%rgper(r"'}r]in&ge %eﬁgﬁd%or é)? egh a@l g"%ﬁé:all nto
cel type‘s:mptfmt&h daeiastthctdmmphsmgwimmdmdphamaqeuiecaﬂnd@pptdﬂe comdpr with a
mesoder r

provi des ff od c ‘?“l{%g‘?ﬁg%?(? %g’é%@gg e%ate -5? ‘Eeﬂs’lé!%gﬁdﬁb@ g}dﬁﬁ(‘ﬂﬁ said
phar nmac elmifemﬂnawtb mpibsﬂierennsamb aggrelgsue of cdlsmmmnm oalls thaﬂ 4rg netcsrbptoals! e
carrier an ' glakis
conpri ses ceﬁeﬁs%’gﬁg?gg%e no{l g8 %hg%ﬁlgﬁg%%rﬁﬁ %éé%h%%tﬁgé}f@?%f%e%am
cells, onwgefthe @ﬁbdmdncttuﬂamadimfms@hmaét@bmfﬂm@lmﬁegqs types of at

| east two of the endodei nal, ectodermal and nesodermal enbryonic

l'i neages r{{lﬂszc@ﬂ The mv-gﬂtﬁ)n'fﬂﬂ}%?bﬂo@iﬂesfaqﬁ&fiﬁf foPﬁlQMhQ@%lfﬁrcH@Jtému said
conprising admnistering to a su ({gect cel derived from an ag%regate
of cel | s mofiodr eomprisiag Fxaefificed e flV%‘eff‘I?@ %’oﬁﬁf‘?&@@soﬁ: &¢lks stog gpmlt

not embr %%h&n?&amlﬁ&leﬁtﬁated%gﬂp rvaﬁ@femcsaﬁ%gabgaeé df%eus%n@ﬁ&-gba@ klabaraBét can
differentiate into cell types of | east he endodennal

ect oder negmbeyasic ﬁtﬂgb@rélﬁmbw %Iﬁuceﬂ% |°hé§§’e%ells [de‘é)sis] Hgrentigffpinto cell

i nvent | Oweﬁsﬁa?féést Rﬁ&é{ftﬂ@&d@deﬂﬁatl el d&RaPidIThdBacat TieRbSbEE liRGeds0 a
subj ect a'pharnaceutical conposition conprising a

Do eaas A Lo, 35S GRERRNGH toShiroubll b7 LBk L sl ¢

t hat ar e niviHod &tapysHl expptiag) ia ekll sultedlreNsoddrived) &b mahggse,gate rof gelisnio

cells and can differenti t sof at
endodenné?fmdaé’@f T Salda%gerﬂglg%ﬁg?qm 5%‘?’ngalte° §gse°s? pf‘%&% 31.
The i nventd mﬂeﬁ:br&(bzﬂeﬁterﬂrceﬂﬂ, dtﬁbryanmﬁzhmelllsg o:ngmns:alﬂugpndatm dlffsxte@atmgmt 0 a

el o 1o Ebieret S BB arif sy Rbrab B AR A A AREIR R |

aggregate of cells conprises cells that are not enbryonic stemcells,
enbr yoni d0036k n2é.elThe , ingentiger farthes| pugvidesd ac siethed f fosy Gt Fht gl |
types of @I?q?dsﬁﬁﬁtsaime%d (B aﬁ{bm a %ﬁ&&ﬁé@@'ce@&%@@dﬁd@ﬂﬁm|

enbryoni c neages 4 he | nventl on further ﬁ%ow g‘ﬁ%
met hod cewgiuims ﬁﬂ@ dzfﬁmnﬁﬁts evll bryinedbean Bigpycsd by Sxprimerrgie dadved; from an

conposi ti Qg}egamrcblﬁ 9 Qol?dxﬁﬁﬁ@ymsc%kgtéaﬁ&iuﬂfefe@ﬁ@@ Bélﬁhlhereﬁasaﬂlaggre@mofa
differentiated cel erentiated cell produced b osi Qg
|1

aggr egat gelsfeopgrises 0?18 thad Aesi 1ot B‘H@T%FWF?%B Ty §oFR ° P g ©
wher ei n 334 darAGaeRAM:E i cBekfpss 6ORPIcAsS @Fo 6€ leSeddb@dmal] ectileimal, and
enbryonic stemcel]s, enbr yonic germcells, or germcells and can
di f f er entiestdsrmahergbryenie ligeoBiss of at | east two of the endodermal,
ectodermal , and nesodernal enbryonic |ineages.

[(}031] 26. The invention further provides a method for making a pharmaceutical

composition, said method comprising admixing a differentiated cell with a pharmaceutically-
acceptable carrier, said cell having been produced by exposing cells derived from an
aggregate of cells to conditions effective to achieve the differentiated cell phenotype, wherein
said aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ
cells, or germ cells and can differentiate into cell types of at least two of the endodermal,

ectodermal, and mesodermal embryonic lineages.

[0032] 27. The invention further provides a method comprising administering to a subject

an aggregate of cells, wherein said aggregate of cells comprises cells that are not embryonic
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[ 0038] 33. The invention further provides a nethod conprising
admnistering to a subject a differentiated cell produced by exposing
cells derived froman aggregate of cells to conditions producing said
di f f er entfemteenk, ele!ug;onw\gbembm &dqjefin aflgaeigah diffifentiad e celbrypes Faslegse| | s
that are not m cel |.s, enbryonic rmcells, or germ
cell's and¥q%: &’? ¥fj%ﬂ? ’f"é?"g plapd me Wﬁﬁ“&%&gé“% ‘at |east two of
the endodernal, ectodernmal and nesodernmal enbryonic.|ineages. [0039]
34. The i0038nt Rdn Theimyéngion pribuiptesiena methhdebmpoisps idminigfernirid APEYest | ng
to a subje a S 1‘99 d

phar rraceht ﬁ]c g%:](r‘}g’%fepgﬁmgl %%“%’ﬁg@? ! h %ngﬁ# gdr?tgi%ab?ce&mggl Ian ﬁ\e
differ en%a&ged afe:bllls ;.w&lg@lmn;! dggregatp ofs¢etly comptises el ithal ere mob pmironic

aggr egat e [ [ i ssredese! |,
whororn SafgeBtnty AARCHE S1SnPLACUE! R Bt HbUPhuti e

embr yoni mmféhneoéddesnal,@mbdwmilaud gesodermel dmbryopic ligeages- cel | s and can
differentiate into cell types of at |east two of the endodermal,

ect oder ”ﬁl‘OM angh MpgOE e fuﬁlﬁi&aﬁﬂﬂbﬁu ﬂnbtﬂ@@&%ﬁn&ﬁ@ﬂﬂr@ﬂist&%}g td R&ubject

i nventi on further provi des a met hod of |dent|f%/ an active a ent,
sai d net FdE w%ﬁpa g seesalcrlrg VAT B YT sepataatcof °?!E|°PI§PW%?? 5 Fpat

agent, Waened dmbting s@&géﬁﬂmn@ﬁlc%&ﬁ &llS, ngemsaﬂs Qxﬁﬂ daft diffehtias Ridot
enbryonic stemcells, enbry

el | s cells, and can
di £ 1 or entallirRss pritlaove ohiadodspmaiccioderu! d BesterrlonBisdrmse
ect odermal and nesodermal enbryonic |ineages, and detecting the
ef f ect of0033)e HyeThe ioventiad ﬁiﬁmjgroege&merhomtﬂpssmg figdgiterBig to Thbject

invention furthe dentl IV, t,
sa " mechatrEBAgEL bR ST defi o Sl BRI L AP BRRa TRE
in cell duivedifren anhegregate cxilds, arggp:egaﬂeggJégatﬂedﬂcsllmnqpﬁi;esesllsaédtlas‘: t hat
are not e on| C . e i and
can di ffe?gn%{ eStlgllir}t(:ac :)nl Ségljﬂl%r??n&cp%g&égﬂa% %g‘rég%‘&{% Lviv‘!t[)‘?ofd(ﬁltyf‘:ﬁ(gl%gétjrglq oggérnrsral
ect oder nut»esaﬂ@t lerstswrd of tha kndeddimyloeviadletmiah eudymesodamal ethdtyenie lingpgeshe

effect of the agent on said aggregate of cells. [00421 37. The

I nventi Oﬁoid}f ther TRV iRvehfR SfuAhen Bloliash dfiethdRBbiMhd Wnmdlst @ik ity Lsubient |

sai d nethod conprising contacting cells der ved frocg1 an ag}gregate of

cel I's wi 3 fiffarentigird cell PRI P cXpafite MAFEEEUE & B o5ls fopr tiqu popicingssapdy |

that ar edFabntRERIKDNitersi 611 6Qirdohte JFIEBIIsY QMpeisdakl® @.al dr& notoamwﬁfnm
cells and can differentiate i nto cel laéﬁ%?@ of at t two,_of
T

endoder n¥¢™ cellgtoBWEIoRS |8 Ehep Pnos e RS Herputiafe; HH%& lhgpes gfig} joak"®

det ect i ngrolohhe efidoBinal botd dtEnad @RI ThesodinsaietbBohit inddgdsi ved from sai d
aggregate of cells.

[0037] 32. The invention further provides a method comprising administering to a subject
a pharmaceutical composition comprising a pharmaceutically-acceptable carrier and a
differentiated cell, the differentiated cell produced by exposing an aggregate of cells to
conditions producing said differentiated cell, whercin said aggregate of cells comprises ceils
that are not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate
into cell types of at least two of the endodermal, ectodermal, and mesodermal embryonic

lincages.

[0038] 33. The invention further provides a method comprising administering to a subject
a differentiated cell produced by exposing cells derived from an aggregate of cells to

conditions producing said differentiated cell, wherein said aggregate of cells comprises cells



[0043] 38. The invention further provides a nethod of identifying an
active agent, said nethod conprising contacting, in cell culture,
cells derjved from a r aid
aggr egat éﬁ%fm’t@f’ §m€ ‘?lg’gereng élg’l ?&b%ﬁl% %gﬁﬁ'{ewls o %gﬁg%ﬁis\(lz%gt @?#%%I s,
enbr yoni aliffsesnante abtb sell @pesg@?rahl@al tive ofitie andordertndlf estodertiabersl mespdermdl| |
types of atb | east two of the endodermal, ectodernmal and nesoder nal
embr yoni EPPRBSHE%ESAnd detecting the effect of the agent on said
cells derived fromsaid aggregate of cells. [0044] 39. The inyention
further [A9039] dés. al‘hmtvhr@@ngw{ermw%g rapthel sempprisg; AP SSIBE &4 SUPiECh e ed
of treat 'zegﬁméc%& lmé&gg&tﬁaﬂ m&g}aglﬂ@ aagﬁarahc%a&ranpgcceptwr@rcm&um ally
nount of at

ef fective wher el n sai d aggregate of
cells cord]!ffqr@éstﬂtébllasth? er@l’ftféteﬁdldl d’r’f?ﬂuy‘%l’% cxpesipe cefls éienge%bf;r%rﬁ ¢
germ cel | gy Qe JLLM ts%lnh(ﬁn@egmg@@n fdfcﬁffé%éﬁnht%& @ell Wh@reﬁx%hﬂd et of at

least two of>the endodennal , ~ectoder mal and rreso ermal enbryoni S
| i neages .celfsoRupYises osllsthas aﬁrﬁ?’éﬁ‘ﬂ’féﬂ?ﬁ‘f tiem Kells, PRisvAnifesers cﬁlg‘! g pells
treating a4 s QfrfRGHA:0 iflo %Hblq%% of Bt REEwoof iieCaldpmMhal, Satbddrea] Had
conprising admnistering a therapeutically effective anount of a
phar rraceulneis@&rm%éﬁ’pﬁ@w ¥de®onpri sing a pharmaceuti cal |l y-accept abl e
carrier and an aggregate of cells, wherein said aggregate of cells

conpr i sego06] | S5t hab ieRticAdrtRiprovs: & nethetiof éﬂehtﬂ'ymglamag/twmagelgenam

cells, or ermcells and can differe te,into
| east  t woRHOd CHRPTSESIRATIIE aﬂa%gﬁﬁa{sﬁﬂaﬁlﬁgﬁ*& hEEP, thﬁ%l B e o%a?"t of
| i neages cel!s%ﬂn@hseéﬂ:ells-lfﬁtﬁ aternoe aribroenid sterh bells, gmtoydntbegera cniist bnogbnofcells

treatlnga er.in j.ect t tha
conpri si R3S & g’éﬂPE?I? ﬁ%%?%ﬁ%’%ﬁéﬂ? 5%8‘3%”” éftﬁec?ﬁg&ng]ms)e%g rﬁ?] cel l's
derived mictdeanl 2gbfyeniatiacagts, anl Haactmmmeeffmtaﬁﬂd agggoegail aggegatedl s
conprises cells that are not enbryonic stemcells, enbryonic germ
cells, offermcells and can differentiate into cel | types of at

| east two of the endodennal, ectodermal and nesodermal enbryonic,

| i neages.[0046]1.149.1 The invepiéon; feflesn progives wmethed of idsyiiyiag 23 e HEELoEid

treating n?aﬂ%g%gﬁnﬁﬁgmg &n@ac@iébalneé‘grgre e BE6M1s Qfithl dneAbIER el Slliuee, m&ﬁamd

conprising a stering at erapeutlcall effectlve

phar maceweif @agreraimpfosile pespprisenysHy ﬁ’éﬂaféﬁmfaﬁ%"ﬁaﬁf%t:? aF‘P‘é}Y%{B‘b EPtabl e

carrier apgh 6Ehdd (8¢ hiteGnldipnantite 3G CADEHE 6Hfat Tkt tho ofMiRr Gidtemidld

t f ' Ts I'l's that t t N
T yoni GGl mesogrTe SR T Baesstnod Arreing PP BT ChREAET OB |

types of gled@astieiwo of the endodernal, ectodennal and nesodennal
enbryonic Ti neages [ 0048] 43. The |nventi on further provi des a

met hod of g2 di sor e sai d
net hod cdﬂ%?f 5‘8&?",%]3% dﬁfﬂﬁeé pﬁov% er lé%glﬁfil caqg gfléc§| veqs{r']f’“oaﬁlt of
a differ eﬁﬁthoatcexﬁpxmigl copinaily celld dhyveéﬁpmammggregmtag’gvlbgaﬁl@nﬁgenéeﬂhb@lﬂt 0
condi tions.,produ gate
of cells 6’8%??%33%9%@1’ gm?lﬁls%s zflilg &tﬁ{o%% %?igo&%rkmécmg%%}%eéﬁbgowng%ﬁon| c
ger m cel |c8lls, or ggariic edd enaifferaviate dith tell ema oft ab lgastt tyyo of e Qnﬂwbémfﬁaf at
| gast gteg%ct%ﬁeém 18 BRI L GG OHRARR! an AldedB5 AURETR bt GEREMPH Sid
cells derived from said aggregate of cells.

[0043] 38, The invention further provides a method of identifying an active agent, said
method comprising contacting, in cell culture, cells derived from an aggregate of cells with
an agent, wherein said aggregate of cells comprises cells that are not embryonic stem cells,

embryonic germ cells, or germ cells and can differentiate into cell types of at least two of the
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[ 0049] 44. The invention further provides a nethod of treating a

di sorder in a subject in need of treatnent, said nethod conprising
adm nistering a therapeutically effective anount of a pharnaceuti cal
conposi t bnnlndmalpedt@:iemgal andmabdmmehmﬁbmhicymageﬁe pidadeletingathe efact efitbe a
differentiated ﬁ ﬁsd 3 (ilr di fier entalt atfcglscel | produced by exposing an
aggr egat B°BYORCRYTCES S Veg art oS R oduci g said differentiated cell,
wherein said aggregate of cells conprises cells that are not

enbr yoni B0&tlens% elhsinventipr fuhprorgjddesn sustiiod of bratigen diseden 18 agniet i

di ffer enﬁr%eato? ﬂ&&tﬁs@ id mdhREImBisisy adnﬁﬁ§£nﬂgvépth9£ ehﬁlﬁillf’ BEQHGS sifunt
ect oder ma mesoder enbryonic |1 nea 0p 45. The

i nventi o¢f fu mgmaateppbwlhethelmmegg@gat@r @F]I%QOI’&PTHF% ﬁlﬁéhatl e got

subj ect Ll BBk CeRBs R CANPILE SR QifRAMiA HheEdNg a
t her apeutnﬁbc y e fect |vgﬁarr%t§§ﬁ{ a]r ffer entnl ated cel Il produced by

exposi ngtypeslolf st lerst g o the P@ﬁ?ﬂﬁﬁahwdé@ﬁﬂ @déllwsﬁ@mlﬂ embryeRin HRPES NS
producing said differentiated cell, wherein said aggregate of cells
conpri Sefeoml | g, t 'D]@eiin%nﬂoﬂ]@&th@'fﬂ%vy&@h(ﬁle&beﬂf eekihga dembam Risabjgefom
cells, germcells]_gnd ndlfferentlatel oceLI X‘%ﬁﬁ of &b
| east tV\EFe PT FeEmehdd ComprisingeAdHyTist “Jﬁ‘éa PSRRI TG

| i neagesof 4 9&5&5066&311 ddobitive Ednbp@ising urﬁbbﬁfac@hmﬂlyde&pﬁblﬁmhﬂmedanﬂfan

t t di d
Corpr 1 o1 HEAHAPAFae Port 31 AP ALY COf PPPEFPastt 8 RSO i
phar mac edgdm cals, eﬁ‘aﬂ:lﬁjmﬁﬁ;l gtsmousbllc,masrm&iengana cphdifferaiatetinto adll typaof gdtasb| e

From an S6aF BariedGn L e Peaty SR hrbiroReoppae BRgR T O

differentiated cell, wherein said aggregI ate of cells conprises cells
t hat not[0@4fbr y‘dmlshesn*eenm@efunberpequwme odyef fmgatieg ¢ disorder iyasehieckiy s
and can i lzfrlﬁ@pﬁﬁ“ Itﬁ@&g

endoder I%HI EP&%B%@?%%F n%hgd%e%{é erma i ﬂr?]%onl C Pt';lcea gg?c;“{b%(%):ﬂm

The i nvedftceBmdetived frem ap pesreastesoficals, @féﬁ?’éﬁ‘ﬂla&i%aﬁe‘? &S COpmBiesic Scel s
in the aggr ge/gxgo&@mﬁ;}gme%meﬁsew@&m g&ﬁ‘c%ﬁteo@%ﬁ%aﬁta%d%&p&ﬁ&éntﬁ&e or

nore of oct telonerase, rex rox-1, nano GATA6 and sox-
[0053] 4t ceHeynen w8 At leats tyeipf Msrendedsimabesstoderme eﬂilplagﬂm‘q”aﬁ‘s@%’éﬁff’éfc
wherein gall.s in the aggregate and cells derived fromthe aggr egate
can differ ent| ate into cell types of all three of the endodernal,

ect oder sader nal onjc li 4] ,49. The
i nventi %1‘7& er Fﬁ\?’?’ﬁ(@’sﬁ){tﬂ% P 03 8 He{&S‘ﬁgF‘ﬁe@PlLeq gls%/\ﬂ%f‘é? A tleﬁt n
differ entebcabeﬁleaaﬁént, saif mthad @ oinysivg ddfnévieering atthan@eutiwuyaq@cwmlm

cells derlvdfrom he a ate, e sses o

endoder n§/P @@F%"H&%ﬁm@%ﬁ ‘%E?Bﬁfél f ;frgphegn ¥ léurcaé?ﬁ plm(-t)))!]e c% ffamd gells

[ 0055] SddriveBhfeonh aiv eggrégar of welisheherpin osit dgsegateet (cdlspmsuuntmee nelsthat @ien,
wherein the differentiate r.aduce i

aggr egat Bt BPOERYY %telaé?]?vé%}qornécnge cé]lg Ui ggm? g a%é(&bgsﬂ%séé%hgggﬁ%g@ml
and ect oghess phit ldittfre pBthe eralb&malnmddml arfimaﬁl]sm‘ﬁllemﬁi’m@m lneegesi on
further provides the conpositions herein, wherein the differentiated

cel I, pf@we%bm&' &Jeﬁﬁﬁwﬁéég%de@g nRH0H G0RkEndS dﬁ&hér-"‘m dengece from

t he aggre expresses ectodermal and nesoder mal ferentration
mar ker s.need of treatment said method comprising administering a thcrapeutlcally effective amount

of a differentiated cell produced by exposing an aggregate of cells to conditions producing
said differentiated cell, wherein said aggregate of cells comprises cells that are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least

two of the endodermal, ectodermal and mesodermal embryonic lineages,



[ 0057] 52. The invention further provides the conpositions herein,
wherein the differentiated cell, produced by differentiating the

aggr egat Jodto ng g‘?ﬂw}e}ﬁfog M%ﬂﬁe@gﬁsﬁ&@sﬁm SRs e slesier el

and maso rent I at1on rkers 0058] 5 The invention
further pa@k/ofd@stntchb saidmpdied eqrensising @Mnﬁtenméﬂ@meqqﬁ@ymfﬁeﬁé@éﬁﬂ“&t ed

cel I, progyc @Weﬂfcglf Sl 6095»1&1'3@ 208AEEAR R IR ackBlabR Heek \éﬁ&j af rom

t he aggregat expresses an endodernal differentiation mar ker [ 0059]
54. The idffeeentistoh cclh rseid ediffasensioted eall producse yRPRSIENAL e8reerts of WAl 8i n

the different dd ?kzﬁ;&lﬁ daid FHrEHGRE LY vﬂb&ﬁ%ﬁﬁ%&@@éﬁkm cElﬁ%oﬁgﬂ&QGQIse or

cells derrve e aggregate, expresses an ect oder nal
di f f er enthagpicont sralprkesic st¢n) ogis] engmyonipherm aelisner aspn £elte epbranghificreiae ¢ he

COnposi t i;0Ng, t%l 12 ?p?&lh Bt at'BRF Bldlof 1€ egdoiifnﬁfa? REdAAN &8 hesoddiRl Lade ol

differentia e aggregate or cells derived fromthe aggregate,
expr essedinesgpesoder nal differentiation marker. [0061] 56. The
I nvention further provides the conpositions herein, wherein the

di ff er entrygmbpd 4|§|€3|‘ﬁh§ RlVeARInither ﬁbﬁldtmaeﬂetbyd il tfeﬁﬁ:rge?ndmcaddr iga fbgect in f
aggregate or cells der rom f he at e, acteristic o
cel | s seliged ddrepimsat F"d‘%ﬁ: &‘8%5"%55’?3 §?‘ﬂﬁﬁ% g ﬁ&gﬁp&lﬁ&%}@ tfke BaEMed et
cel I's, neghQfifFereiicd @Bl fidtoed AFt dxpayizec]ls dbﬁ»@d)dmndm&ggr@stp of zels ﬂoage
oot s, | ymsines pedsc PR O SBHER T Bt TR BB oBls
ﬁnd ski n \Atl;]a[t RR6:3t ?rﬁlﬁ'yorﬂ-d’lﬁem ﬂﬂl@;ﬁrmlﬂyt‘bnfclgehh gellspusrcgmml eelsjlstahdacancﬂriﬁ@mmteogg 0
erein, wherein the on ou ,
celI's or el W%%%%glg@?ﬂﬁ%%fﬁ?‘ ‘%ld cm%‘ nélfgl %rﬁod\n/cl%d} egn?%gr%wﬁg

conposi t iaggedIer ei n, wherein the aggregate contains about 1000 cells
to about 5000 cells. [0064] 59. The invention further provides the

conposi t 'r;ﬁqﬁ age'ﬂe uwaﬁ{oﬁ'ﬂﬁﬂfé?tn]ﬁ%gé’sraemaﬂ&f SIARhAL DA il @ EBiagindr Op
nmet hod o o aggregation ne
need of treatment, said method comprising administering a therapeutically effective amount
of a pharmaceutical comp031t10n comprising a pharmaceutically-acceptable carrier and a
differentiated cell produced by exposing cells derived from an aggregate of cells to
conditions producing said differentiated cell, wherein said aggregate of cells comprises cells
that not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into

cell types of at least two of the endodermal, ectodermal and mesodermal embryonic lineages:.

[0052] 47. The invention further provides the compositions berein, wherein cells in the
aggregate and cells derived from the aggregate express one or more of oct3/4, telomerase,

rex-1, rox-1, nanog, GATAG and sox-2.

[0053] 48. The invention further provides the compositions herein, wherein cells in the
aggregate and cells derived from the aggregate can differentiate into cell types of all three of

the endodermal, ectodermal, and mesodermal embryonic lineages.

[0054] 49. The invention further provides the compositions herein, wherein the
differentiated cell, produced by differentiating the aggregate or cells derived from the

aggregate, expresses one or more of endodermal, ectodermal, and mesodermal differentiation

markers,
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[ 0065] 60. The invention further provides the conpositions herein,
wherein the differentiated cell phenotype is selected fromthe group
consi sting of osteoblast, choncirocyte, bone, adipocyte, cartil age,
fi br obl agiss)masy. oThstingtion Sheteet mbvidassthe econgsitivls irersin) eyhersér dheac

nmuscl e, qcul ar, endothelia,, epithelial,, hepatic, p r I+C

hemat opog‘%feﬁt,l o vk ,prﬁgﬁao?yaﬁ'égﬁﬂmgflg & %%(Tf rg(%té?y‘fre"a'?zcli:1 gl‘ﬁ%{eﬁ'} pfécfm [%6066]
61. The hgpvepntk) aprefstds didedermadl and dederhbdiffoapotithokss.her ei n, wherein
the differentiated cell is defmtive endoderm [0067] 62. The

i nventi O[biongi”ﬁer??é PR tfmsawgg;g@g&gtihenéo Liftbad nURAR! Gitlretd1Ghe

r
differen ed cell i's ventral egut endoderm [ 0068 " 63. The
i nvent i odiffexgntiatedr celly pviduess yhdiffersntisting theopgrdgate edrncellguderive frqnp dhe

differenyj | ' blal DERRLIdSoPhARERI tor. 10069] 64.
The i nve%g?%%g’fegﬁe%eegr&%?%Iﬁa@g%tgwgla@&gnposi tt?aocr)ls ﬁgr ein, wherein the
differentiated cell is a_hepatocyte-|ike cell. &ﬁg?g‘]]’ 65. .The

r

i nvent i of0§Tr t Fer Thy doveadan (Hdergrwale Her eanppost TRt ayheeisy dhe pe

aggr egat glentfaldd| &IIGFINGE By Qiffelch@iting GeC giktedate X @ES defved dffonidliee Of
oct 3/4, telonerase, rexl, rox-1, nanog TAG6, and sox-2. [0071] 66.

The i nvetaergrefapesiesendodsymal and mesedermal HtFeniatioB T Gher ei n cells in
the aggregate or cells derived fromthe aggregate can differentiate
i nt o cel j00$8] pess. oThealitvehtiome durdikr tpneviden dibel econgpbositianst beteinrerherzind the

mesoder m.enbr i c,linea . [Q0721 .67.. The invent] AL

provi degé‘ffgfgn h&ts p??g'i}‘%lsfﬁy é\l%gr?%laHn% R a%feﬁaé\rée&r%t%eg?ggﬁkggl m the

pr oducedaggyegate,fekpesetanatdadgmtahdiffaggiaéganekar cells derived fromthe
aggregat e, expresses one or nore of endodernmal, ectodermal and

mesoder g@tb??i LT 4er ant ialh@n TRIKE WRovideQ O3] clifposildis hdMgNtineRin| wiet her

provi de nmet hods herein, wherein the differentiated.c

I ],
pr oduc e ddiffrentiatefl eqeBn pioduded Pyt fiferarfigting) Hheeasgrostle | 9 Ll tdF‘i’r"ég foqoy et he

aggrk egat £, LXPERoES S Reeseh Rl rARfHaRE hader mal differentiation
mar Kers.

[0060] 55. The invention further provides the compositions herein, wherein the
differentiated cell, produced by differentiating the aggregate or cells derived from the

aggregate, expresses a mesodermal differentiation marker.

[0061] 56. The inveniion further provides the compbsitions herein, wherein the
differentiated cell phenotype, produced by differentiating the aggregate or cells derived from
the aggregate, is characteristic of cells selected from the group consisting of hepatocytes, beta
islet cells, neurons, osteoblasts, asirocytes, oligodendrocytes, cartilage, bone, muscle,
connective tissue, mesangioblasts, hematopoietic stem cells, lymphocytes, reticulocytes,

myeloid cells, pulmonary epithelia and skin.

[0062] 57. The invention further provides the compositions herein, wherein the aggregate

contains about 10 cells to about 50,000 cells or more.

[0063] 58. The invention further provides the compositions herein, wherein the aggregate
contains about 1000 cells to about 5000 cells.

[0064] 59. The invention further provides the compositions herein, wherein cells are

aggregated by the hanging drop method or forced aggregation method.
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[0074] 69. The invention further provides the nethods herein, wherein
the differentiated cell, produced by differentiating the aggregate or

cells derj fr.om.t he e , S -an oder mal
differ ent{{)de/lﬁsﬁor?b‘ng cePg.gl%Pog%f( ?@ﬁ%‘ﬁgﬁ‘fenc\?e%{)?%ﬁg Pgérr?ﬁegrhgrg%v?%es

t he met hafferdneinted ogll phivertyic s selectediirdih dhearmp senstitivgyf ostephlast geangropyfe,
differentiati t g I,V e oA ,
expresseg’ogenaag ar g@%‘%@%@?ﬁ’&@%ﬁﬁ“&ﬂ%@%@% zla{tdl’l(%gﬁs%%’r ﬁer_s.‘%?lg‘g%%]
71. The icardiantringsalef weulive engntlwliald epithelad, hepafiodennerestisi hemaipnoicdir.nstishe
di fferenti %Ex?(ii cdegﬂ dg&g%qggeﬂ differentiating the aggregate or

cel | s defrved fHom %e aggr egat'e, expresses an endoder nal

differentiation marker. [0077] 72. The invention furfher Q%ovj dehs t he
met hods HM6E] n Slwiideeinyentive Hrthire PRMidrnttht) COBIPPSItioRs oRRIRGRg Whgein the

di f f er entgidlinfged D1 i28InANBEMmeel | s derived from the aggregate,
expresses an ectodennal differentiation nmarker. [0078] 73. The

invention further proyvides the, nethods rein herejn.the, .

di fferentwuﬁbd%@el']ﬁ{e H‘r"fﬂf’t?ﬁegmhv Bf“?'?igsr gﬁ? i"gf"ib?ls\é;{i;| eheé%rgagrf%l &e

cel | s dergieshtihe@mltihenagigvegataiodampr esses a nmesoder nal
differentiation marker. [0079] 74. The invention further provides the
met hods in, rein the diffe Lat : n € ol S
characte&ﬁ@ﬁicﬁg¥hgglFgmgg egpé% %&%ﬁ%@ﬁggﬁﬁg%%mggﬁsﬁé%ﬁnamgyn the
hepat ocy tdiffgrertiatedcdllss ebieintid hembuprogesitorost eobl asts, astrocytes,

ol i godendrocytes, cartilage, bone, nuscle, connective tissue,

mesang- | 36116@}“ %4. NGRBLARRILR! hethST BrvIIEd |tRe doyiFRIMRAY { Rifein, wherein the
reticul ocytes, nyeloid cells, pulponary epithelia and skin. [0080]

75. The ideffesertiptedhodllis & brprtoprislifesgd: t he met hods herein, wherein the.
aggregate contains about 10 cells to about 50,000 cells or nore.
[0081] 76oo78he 65nVENRt incantibnl fiirther pprided desmethedsniadrdindwhdren eiells invter ei n

the aggr eaggr%gemcé?r%lﬂ c{.é%veadbﬁgo% th% ggggeg%tgle!{ﬁeé[s Fné QI'OIHCEI'C §P 9(:93/&, ?flﬂﬁ&msc, TeX-
1, rox-1, nanog, GATAS and sox-2.

[0071] 66. The invention further provides the methods herein, wherein cells in the
aggregate or cells derived from the aggregate can differentiate into cell types of all three of

the endodermal, ectodermal and mesodermal embryonic lineages.

[0072] 67. The invention further provides the methods herein, wherein the differentiated
gell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

. one or more of endodermal, ectodermal and mesodermal differentiation markers.

[0073] 68. The invention further provides the methods herein, wherein the differentiated
cell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

endodemmal and ectodermal differentiation markers.

[0074] 69. The invention further provides the methods herein, wherein the differentiated
cell, produced by differentiating the aggregate or cells derived from the aggregate, expresses

ectodermal and mesodermal differentiation markers.
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[0082] 77. The invention further provides the nethods herein, wherein
cells are aggregated by the hangi ng drop nethod or forced aggregation

nmet hod. [ 0083] The inv i on f. |des t he ei n,
wher ei n h% Slgi EQ)r &ls myeatign ﬁi“&i‘@rprﬁ‘f“gcééll? %rfé]fld% jors BIQPFT%I/%%{§ di al
infarctiggy, p@@mg@sjr BiffRrehRding tHeapdrtgaes ordelhbleﬁ&é frohﬁlmﬁggmgate,taxpresses

transpl ant tic bra ur, I nal cord injury or stroke.
[ 0084] 791°¢ﬁ@ aﬁ Eﬁ?ﬁﬁﬁm %ﬁ? %P%Vgﬁ%s the methods herein, wherein

t he di sorder involves damaged tissue and the tissue is-one or nore of
car di ac, [Méﬂr oflal Theimwntiog ftmacxtprwa@e thetroatiwds bévein,ovhersimihs éif@renﬁﬁﬁbt h

muscl e, s
connect i g/e prﬁglgzgcli Q}(/dlé'f: xga ma%Q%the aé@g atea'{‘lgglslg%g rﬁgmktﬂgl d'%g%ﬁgg?%(s 2
[ 0085] 8@1mﬁhknnﬂﬁéﬁhmﬁﬂmhmmﬂher provi des t he nethods hereln mherein
the differentiated cell phenotype is selected fromthe group

consi st gﬁ 781 251 eRbhaGkion ARBAIASAEE The MRS hédblh, RARYPhe AffctdnliAGE

fibrobl a narrOM/stona skel etal nuscl e, smoot h muscl e, cardi ac
nuscl e, edupraiucedbidifferentating the pesreaaicioapellsieiiet fom thupeeregalp,xpresses

hemat opoj.£l.ig 4 e ARal: and ol i godendrocyte cell type. [0086]
81. The %ﬁvéﬁ??%nlﬁh?%her proJldes t he nethods herein, wherein the

dlfferentlated cell js definjtive,endoder Q087] 82 tion
further BOR) dBs (R HBEMDY Tfé’tr‘évi“ﬁf g\m A berfi efefrbt}’%g?&r Pga edr(:el I
I's ventrg hromRedby ﬁﬂ@x@ﬁiﬁh@ the h29&3 e o8 3ells Hhagvel fiumrthd apgrefate, tehprsses
provi des the net &, herein, . wherein the differentiated cell is a

bi - poten%F%?’ﬁEBQ{ @ePigeRiksr . [0089] 84. The invention further

provi des the methods herein, wherein the differentiated cell is a
hepat ocy[0874]i K&t cElhd invention further provides the methods herein, wherein the differentiated

cell phenotype is characteristic of cells sclected from the group consisting of hepatocytes,
beta islet cells, nevrons, osteoblasts, astrocytes, oligodendrocytes, cartilage, bone, muscle,
connective tissue, mesangioblasts, hematopoietic stem cells, lymphocytes, reticulocytes,

myeloid cells, pulmonary epithelia and skin.

[0080] 75. The invention further provides the methods herein, wherein the aggregate

contains about 10 cells to about 50,000 cells or more.

[0081) 76. The invention further provides the methods herein, wherein the aggrepale
comntains about 1000 cells to about 5000 cells.

[0082) 77. The invention further provides the methods herein, wherein cells are
aggregated by the hanging drop method or forced aggregation method.

[0083] 78. The invention further provides the methods herein, wherein the disorder is a
liver disease or disorder, GVHD, myocardial infarction, congestive heart failure, diabetes,

hematopoietic transplant, fraumatic brain injury, spinal cord injury or stroke.

[0084] 79. The invention further provides the methods herein, wherein the disorder
involves damaged tissue and the tissue is one or more of cardiac, neuronal, ocular, cartilage,
bone, skeletal muscle, smooth muscle, bone marrow, spleen, liver, lung, brain, immune

system, connective, blood vessel, pancreas, CNS, PNS and kidney tissue.
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[0090] In the above statenents of the invention, cells derived from
the aggregate can retain the differentiation capacity of the

aggr egaf@%ﬁfelsb,s -Thﬁﬁhﬁ&io%%@g} r;g{r/i@fﬂ el s kAR R b QR i ek idte 1

shows t angi ng drop met ho orm ng aggregates fromrat MAPCs

i n monokely ehenolypy it stledtadetrem dha GRYR PBHEIG] F fosteR s aROBHOCYA (heRC: 4- 5

days of a@g%ﬁgﬂﬁrﬁla&grm&bﬁa@ﬂ rhefrotwN froRAN Gkl Hndhle,| d¥PusBRLicaramed 5%
c a

oxygen, gregates are transferred to the ultra-|ow attachnent
pl ate f owmsdé.fopdmerndotheliadspithslilohapatic pangreat. Bemafoppishi. ighith Byrorddird. The

ri ght pap&ldeddrdd LERERS t he nor phol ogy of the cells +in 2D nonol ayer,
undi fferentiated cel " aggregates, and then differentiated cell

aggregates. [0092] Figure .2 shows aggregat fornmed fr.om,rat pPC
under di%%8¢r eAl: Eﬂl’é{g%ﬁ W@f@‘f‘dﬁﬁg"e’?g@ﬁg i%ﬁﬁﬁ% \Q’Eﬁ-”i‘:"‘ ﬁlif(r)ql%erenna ed
-condi ti ggBis dHeivaeadogeal es grow up into spherical clusters with well
defined boundary. Wthdrawal of LIF from MAPC nedi a i nduces formation

of aggr es \ irrequl.ar boundary c | . e p.gns of
differ efﬂ%gﬁt i é%m &F%m&*ﬁga ﬁ%{ﬂlgeﬁ t%ea%lgtﬁ%%?ig% E=el};‘g:lee I f%%%’?%gat es
ar e nucbelkiswdnter fortpe ehdvderen- opt i mal growt h conditions. [0093] Figure
3 shows the percentage of cells expressing oct3/4 (transcription
factor cigde 4 ; - e I t MRS tntiafelt  Of
the 7600BP o TH L R e I e B Wl e

r et ai necelkihebiepoprnbaldiewpitic plogedteR/ 4 in t he MAPC aggr egat es when t hey
were formed in MAPC nedi a and 5% oxygen. Qther conditions were

di fferefjogsfedif CROROSI b ARer pridils (ieRelétBoddhtrbi@ hdrdilr the differentiated
differentiation basal nedia, and choice of oxygen |evel s-5% (hypoxic)
or 21% ei¥ds wbseryie-likersl4] Figure 4 shows a QRT- PCR conparison of
expression of several undifferentiated and differentiated markers in
MAPC 2D0a0e] 3D thedtove emerhantsrof theliyventive, fxdln dérived floro fhermagrbgade @ndetéior ced
aggregati nmet.hod. Th r i oct3/4 and GATA6 are both
conpar abﬁgﬁf?ée?%ﬁ%lgﬁc?ﬁm%@ agﬁgéag%c%%c aggregates irrespective of
the method of formation. There is little expression of early endoderm
mar ker sSBRIGFDESRIPBEBEEE dHE FIGHRES and no expression of nature
endoderm mar kers |i ke AFP, al bum n, Al pha-1-Antitrypsin (AAT) and

Tyr osi {@98hFigaret t ahewe tizs barghaTYrop rmahodMPCioan e cganesdtes g st MAPCs in
MAPCs 2#onolp@098]) chige red S:bsdyoest diffaremtiBn. AfRIMPE dagpf eggregste foonatisa in the
from | awgagldbd iVARPCSmEdia 20d Q% biygen,i el MiEEgated arenmramstbris#otoxipgerfird-low
7 days atthipaient pend doeaiferdhtibfier antcbatdponding diffetdneibgont inaddiaomhbadgghl panel
medi a aistrdds e MorEIRbgy 38 HL@HM R Iinbh@sven uhaiffedntifted eIl eiteBabs, and then

appear gﬁlfe}gn%gteggg@%@é%ﬁgs_and fibroblasts by norphol ogy. [0096] Figure
6 shows high oct3/ 471 VIAPC aggregates trypsinized and repl ated onto

fi br onggpbiNegate@tkheivs BfSedaths MYREdTREM tyvaPd U Berakijegent. medecanditipho Uader
of cel bR MAHRI fidlia &3ndMORCShe Ad3RgaRE BrotARAR 0B pREHENA@LGOWRE well defined
expansh,Qthdhlyl YatHuAiad oPYIFthiSn IMGICCRSia liRiue& formtiess ééggﬁelgat%k WRthaiRdgular
E (23'([)alpg EBMQW@'}%%nQﬂHg Eg e 9gﬁ$5#‘ﬁff§reﬂﬁ$t%{14Inad?ﬁer|§f§c€a§| n %Tgiagfﬂiesﬂgagghelb;ell
MAPCs a%fgr begt%gesrﬁ%?'es&acér%g r%c?ﬁ_& eaiégl 2{‘10???%' or no expression of
early gHobseFpitk! LR sRE elcnthikr ENOIRGEIsH BB }gjﬁ’nsﬂpﬂgrﬁ“f#@(‘ A Bichled
and no, ex0f e384i80 e Aat LS IBF WACHRDEELStHE 758 & RMPHEEEPPELILIA3/4 in 2D
(AFP). monolayer, 70% still retained the expression of oct3/4 in the MAPC aggregates when they were
formed in MAPC media and 5% oxygen. Other conditions were different media compositions:- MAPC
media without LIF, differentiation basal media, and choice of oxygen levels-5% (hypoxic} or 21%
{normoxic).
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[ 0097] Figure 7 shows spontaneous nulti-Ilineage differentiation of
MAPC aggregates in differentiation basal mediumw th 2% serum The

| evel s of oct3/4 goes down corresponding to differentiation and

i ncrease in expression of narkers of the three germlayers are

obser vePoRglsFigure Pahevy ReRROSR 6eBRATFOTSIOR 2XPrRIsion| of $Ryeigh dpdfferepjigted and
Al bumi ndifferedtated mprke[s009BPCEPgnd 8D gultmesdermasdiate eangina draprmeshod sscorced
aggr egat@segdtionyeGEl- TREREBDAF oFB/duand CATATwasothagmbereblepetween 2D MAPCs
di f f er epkd 30 MARC bgdreg tad imasbbdtive bEghe predhcsiod formp 0@ TiRdre Fi lighler @xpledsiehefigsrly
nor phol egyhdefim ABBERFAresamf tEeRl (day sndifo dipfebunarimantre emdoden Mprkers like
[00101] AP, %EL%:ELIA sl\w\n@ltro;%t eshrli nbieryetdiicatinme  transheepat @AYt &s 30 AVAPC

endot hel el Markedpneural precursors (C), starting fromrat
MAPC | i n%g%glsge % and 19 maintained undifferentiated in 20 vs, 3D

condi ti pass] PERASLREBDRERIFT Nmﬁceggraga&slfwmdo@l\lommnmm if @0 t@Rjre
As usec’lﬂh\ﬁﬂlﬁi rﬂedlﬁrh%n& S% By B&Inova9¢. @peeidontdediy diffaentislidnontiiffgrentiation basal
nmeani NYgeq % %fg eSath O dBRlntiSidH Lt cIsWMIGE QpseahddSIil@r alpdaytes and
attachi ﬂgr ,g E“{Hﬁ E% a substrate. Such cells form nonol ayers or

ere ercelt’s

col oni es axe each attached to a substrate (where the
substrai% l:ot he6r
cel T cuota] 'ﬁﬂgre

tha thl‘lt(;"ct ﬁ é Q g—ﬁﬁg e\é%ﬁésml%e%oa'lrgﬂ ’?t‘eq o€ fiBohelh-

the cel F%at%fiwewdﬂ %W@ ' rﬁﬁ’ dﬁ% °X¥ bl S‘f &) B 1RPcthey
Subst r af€ @pabig ofiunderegingepans'an s, gl e mfr asﬁlt%ceé ntum g tﬁ"t:me an etain
gr owk'te expressian af MAPCnaskess 963/4 2By CRTAGITpasses: aged (2D Pgifff{

| s used repiptinganjevels expressed by MAPCs aggregates they came from. There |s%1ttle or no expression of
early differentiated markers like Goosecoid (Gsc) or Brachvury (Bry} and no expression of more

mature markers like Alpha-fetoprotein (AFP).

[0097] Figure 7 shows spontaneous multi-lineage differentiation of MAPC aggregates in
differentiation basal medium with 2% serum. The levels of oct3/4 goes down corresponding to
differentiation and increase in expression of markers of the three germ layers are observed-Nestin,

Pax6 (neuroectoderm) SM22, Fik- {mesoderm), AFP, Albumin (endoderm).

[0098] Figure 8 shows characterization of MAPC aggregates using QRT-PCR.

[0099] Figure 9 shows results of differentiation using a multi-step profocol,

[00100] Figure 10 shows morphology of aggregates after 21 days of differentiation (10 X).

[00101] Figure 11 shows directed differentiation to hepatocytes {A), endothelial cells (B), and neural
precursors (C), sterting from rat MAPC lines R2o0ld and 19 maintained undifferentiated in 2D vs, 3D

conditions.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[00102] Asused herein, the terms below are defined by the following meanings.

[00103] “2D” refers to cell culture where cells grow by aitaching (adhering) to a substrate,
Such cells form monolayers or colonies where the cells are each attached to a substrate

(where the substrate is other than the cells themselves).

[00104] “3D” refers to cell culture where cells grow as an aggregate through association of
the cells with each other and not through association with a substrate other than the cells
themselves. In the art, “3D” may refer to growth of cells on a scaffold or matrix. But, as

used herein, 31 is used ags above.
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[00105] In one enbodinent, cells can be initially growm on a
substrate where sonme cells associate with (adhere to) the substrate
~put further gromh forns cell-cell associations (aggregation) that do
not dejoerod] orIn aﬁesaﬂioainimn c(lad:lambehﬂ:t'a)ly gfownrme afsubstraerwigreoame cellsl s wi t h
t he substr el | u 0 r

subst raéfoé’me bﬂlg? lE':’h @gtg%{ bLta %\% agéjr&?s&gchagonas fo

of adm@ggeganmultﬁwd@n«ﬁtnbpendmnag@clegmt(ec)hesnmgf m flathbrgrown ofllstvhid ceI I S.
i s not to e t e 1PR1061
oo SRR 5ot s B B it il S kB bt FSrers to
an assofeeddrilaer ishlseelfbrm ofradhbrent knkihe (et so@gwgatdrsmcs att@bslerd b

cell-ce int e ce to a substrate. In 213
nonol a g?lsélu ﬁa?cg%{hg‘rﬁul{f’s%t%r%ngfa@%00| gﬁe’%’p wi th each ot her but by
means of attachment to a substrate material, such as plastic or

sur f acl0HE$ht i“Ag or Tep” Berna g wgrethan s or nore cells associate with
each other by biologic attachnents to one another. This can be

t hr ouglaofy f 2GR eREALBRE to SMERoddSioR ¥ deBCRIWhith e d@@bﬁn@h i vl Hys
[ 00108] " Co-adm ni st er ca&ﬁﬁncl ude si nmul %j(a),j%gousolor ﬁﬂgbe :
admi ni %lhos fngachen faffigr tpn RE 19 gasgate ] b ElW‘eans
Wi t houtasRtiB@d” withedcAtddn bud HE hedds g atthtBmER fte b atbsttie crwa-ar ishah, asV\A t hout
any qualificatjon or cI usi on on what el sqlgjﬁa% be Hgf] Lge b
e aste 4F BEHES g OB BRI G e g by
COWDO%&O%&Q e W ArdSarba@Pd Bhis BH: BRlkiEieh wa@faceo#a?gmcgmoabent s

be present 1n the conposition. Likew se,”"a nethod conprising the
st ep ofxtmcellelaosipapretedisany met hod in which x is can-led out, whether
X is the only step in the nethod or it is only one of the steps no
Mt t er jolag] MECy-a@thitfifer Sdaf Bifchide @mAUlER DS s8I0 adiBiblsRatioR @Wned &I e or
conplex x 1s in conparison to them Corrprlsed of' and simlar
phrase@"fﬁégeﬁﬁ words of the root "conprise" are used herein as
synonyns of "conprising"” and have the same neaning. [00110]
" Cyt okjoonws} rebeprising” eebispivalioot atherdmatatuhaﬁncludhigdﬁc refereehhamsaﬂy:,el | ul ar
novenent,, such as.haomn stem eni
di ffer%’ﬁpf]%i‘rgdquégllt (iago% ﬂlg ﬁx{%mo%koéll ‘gﬁ L oRe IIE)“xB'I asltmlué)ectzla(rzl‘e ) exarnﬂ)/ldbl ast s,
rryocyt@ﬁaposaﬁui doheritingk e andCy? eﬁmmpassesrmy ca:hp;cmtlsn ithentl b@ttainssxueddl galol s to
di vide [, Definitive dod ant el
phenotRPE" 3’1% et Sopponenty i r‘) erfgseégiﬁr esg&%%%/g%ll L%e‘glsgt eé%#gess t he
pri m tdownprishnothel semnoige mcoﬁrpxs%e;s a:iy) nrtbd exphidosis pdrEedes, odstham is¢fene

Akl nH/t ste%om TRt 0§?lxlg' any o gizthe Eéﬁ%ﬁ&ep ho&ég%"othé}rk%pf Bgﬁ::' Ra

may be and no matter how simple or complex x is in comparison to them. “Comprised of”

and similar phrases using words of the root “comprise” are uscd herein as synonyms of

“comprising” and have the same meaning,

[00110] “Cytokines” refer to cellular factors that induce or enhance cellular movement,
such as homing of stem cells, progenitor cells or differentiated cells such as skeleial
myoblasts, cardiac myoblasts, myocytes, and the like. Cytokines may also stimulate such

cells to divide.

[00111] “Definitive endodermal phenotype” is a particular phenotype of cells that no
longer express oct3/4, do not express the primitive endoderm gene Sox7, do not express the
mesodermal gene Flk1, but do express Sox17, Foxa2, E-cadherin, CXCR4, and PDGF-Ra.
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[00112] "Differentiation factor” refers to a cellular or chem cal

factor, preferably growh factor or angiogenic factor, that acts on
stem or progenitor ceI Is to formnore highly differentiated progeny.
[00113] "Dispersion” refers to cells derived fromthe aggregates and

“which ei(}%m; gi’é&??n flonnfa%r’ gf?rf 64 bdtulaP 0RO 88PkE 0 Blefably drbvath t hey

can stil e Rl types of mpre than one enb
germ | ayfkior of @ﬁ)g“idg@hlc,dﬁactdreﬁliaemfs v starp ghProggeRecalis i f ﬁ%ﬁ?reahygg&ount
whi ch prﬁ%g des the ired local or systemc effect, such as enhanced
per f or ma grentiated PRQg ‘ﬁé an effective dose is.an armunt suf fici ent
to affect a benefici al or desired clinjcal, result 0 | d be
adm ni st POEW] i riTaspersior” Fste toaﬁff#ﬁ’ingefla‘éEqnbﬁ]? AP dhlgT §§a]§%
presel ecgﬁ rg?tﬁl;gceﬁi i &lelegate T8 RERE HRE cdeitﬂlrd‘rfferatﬂatanntofcelmcs ul d
be consi der an effective dose may be based on factors individual to
each sub]:ners‘»tthanloneﬁu‘mwEeﬁéi%’efm ze, age, injury and/or disease or
injury being treated and anmount of tine since the inj ‘?X occurred or
)

the di Seﬁﬁﬁ#e%ﬂ“efmes&duh&tenmmhmm by aspat ivhicharowdes tendesiredi an,

woul d be able to determ ne t t QORI 4t ut e
an ef f eclocqler pgsmic §iEef ¥8h as'“@ﬁ?n@%&%mc&nce ﬁok%égﬁgrﬁwéﬂ#gans an
amount Wi, Glh Riiviestes ithet sasidfieid bodairedrlinga trestitc %fd%/ éese . copd

exanpl e, an effective anmount, is an a flﬁ&hyaftea
benefi ci a‘imlﬁlrste’i?gé’i‘ P’é‘bl"rc‘F‘?rfilag%mSFeaiéoﬁf ?P &J%}H’SH{; P&eﬁgén?\rpeesgl?rcotﬁdn% s can be
provi ded gl TRS previe@elemiatioh iy iet waird bs onsidarédom cffpctivaddse BeY bobar
anmounts th L Rrovi. t: S ﬁ}d/oaglmagu&tlﬁ i ons.
The pr ecft&° 5tmedr”'(rlnéﬁl%I l{opg%he%{)% ]héﬁ?d\k%qﬁﬂpizeé gggng?ﬁ er ed an eff ngltyve
amount negngieated sethmonnt afgimymsived thelinjurd aehrredordbediseasshparat © n?gl% Wi ng
their siz aad/ SA56 £ XurbRF S¥elly tBatdld and
anount o’fﬁ‘%ea%pgsmﬁr;gdew ﬁ:’hy U‘?{S/ulgh%urregg%?ﬁlﬁﬁhtg di sease began. One
skilled wnstttdrteaxaarffecweldosebe abI e to determne the effective anmount for
a given subject based on these considerations which are routine in
the art. msyse‘ﬂﬁ@ﬁ%@hﬂounfeéeﬁa&smy MEums @5 emoutit abih phwidsatie desred local
"effective anount. EOO 16] "EC cells" were disc B){red tforo&gc%nﬁl ySi s
of a typer syftersin gEfest- %nqxeapla aPéﬁ%ﬁ“&?:%‘Pﬂnﬁﬁr?ﬁ ampppt pefEgiont fe, etice Ak &, o
noted t hal @i b &dsBed Sincal sulte ITAL efeticd AnduRBScas beibdvided lkaloateeid aand
remain undifferentiated,. in téwilure T |s t (F)e off emngeun{ iPRGATE
known assizgie aisHRiEAPR OF #Y E3cHEMh 2RQs E@RES e effEive o

administrations. The precise determination of what would be consuiered an effective amount

may be based on factors individual to each subject, including their size, age, injury, and/or
disease or injury being treated, and amount of time since the injury occurred or the disease
began. One skilled in the art will be able (o determine the effective amount for a given
subject based on these considerations which are routine in the art. As nsed herein, “effective

dose” means the same as “effective amovnt.”

[00116] “BEC cells” were discovered from analysis of a type of cancer called a
teratocarcinoma. In 1964, researchers noted that a single cell in teratocarcinomas could be
isolated and remain undifferentiated in culture, This type of stem cell became known as an

embryonic carcinoma cell (EC cell).

[00117] “Embryonic stem cells” are stem cells derived from the inner cell mass of an early
stage embryo known as a blastocyst. They are able to differentiate into all derivatives of the
three primary germ layers: ectoderm, endoderm, and mesoderm. These include each of the

more than 220 cell types in the adult body. The ES cells can become any tissue in the body,

exchiding placenta. 17



[00117] "Enbryonic stemcells” are stemcells derived fromthe inner
cell mass of an early stage enbryo known as a bl astocyst. They are
able to differentiate into all derivatives of the three primary germ
| ayers: ectoderm endoderm and nesoderm These include each of the

mor & Fhaﬁbo%ﬁﬁ O@Xbantsag Sofdrto RGropakatibn bradyll withe BFeeeidisn.can become
any tissue 1n the body, excluding placenta.17 [00118] "Expansion”

refers to the propagation of a_.cell, wthout differentiaf] : 119]
"Hepat i ¢ (@3 er dlpptice HEFreRtatipn f610rs3 AL° HSAIGL 1 ngﬁngﬁ:a]oﬁa%é%ggﬁr u;rlc%llg%or s
that i ndugerediifib o ntenabbd progduitsit el dutd npire gifferdntisted: edlls sofithe bepativ e
differentiated cells.qf the hepati.c,l, e. i | r i ation
factors ﬂ%%d&epqyﬁtdlfg?@t e %&?ﬁsfléc(l.fldf”gl,’eu%%ﬁet %ogfl‘ Bﬁ%fl ﬁ%ﬁﬁ&éﬁ . BVP4,
aFGF, FGbAGE,F6¥i8l, sndB rard, FOFIL SIGEt dnd. Folliseatinni Theahitisle¢ell mayyexpxgst ess
oct3/4. [00120] "Hepatobl ast phenotype" is a particul ar phenotype of
cel I s t h&tt%o- express al bum n, al pha fetoprotein and keratin 19, and
expr ess, (00120t heHegidbld¥e phénanee” & MojarticHRCAkEnoape dil dells (thed ndordxpigsset

o
., J Cell Sc! 116:1775-17 0 ) 00121] " Hepat t "
T4 Dar dbEG GBS f ket 40, hid R, e B R URg YPe

18 but npgcmalpaa Dt @pieiAienal a0 el Seidl 6:17750786 (2088)Fi ti on, hepat ocyt es
may express one or nore of TAT, MRP2, &GP, GA.YS2, PEPCK, MAT, B SEP,

CX- 32, CYR{AL (ra » Y] %még b 2 ohihig term
"incl udggsﬁlg n(gepf]l’tﬁ&éenéﬁeea&?% b%efgiﬁﬁ?ug%? . ? _ggélrgrplaé%ﬁgisatai ng that
st em cel 4n8 Kéiatic k $1oke 'hot dha dediireteid oabkengin 13piarmddifien hepaivertesTn@R*EEHY s

are excluded, o of TAT, MRP2, G6P, GLYS2, PEPCK, A1AT, BSEP, CX-32, NTCP, CYP7Al
(rat) and CYP3 A4 (hunan).

[00122] Use of the term “includes” is not intended 1o be limiting. For example, stafing that

stem cells “include” IPS cells does not mean that other stem cells are excluded.

[00123] “Induced pluripotent stem cells (IPSC or IPS cells)” are somatic cells that have
been reprogrammed. for example, by introducing exogenous genes that confer on the somatic
cell a less differentiated phenotype. These cells can then be induced to differentiate into
more differentiated progeny. IPS cells have been derived using modifications of an approach
originally discovered in 2006 (Yamanaka et al, Cell Stem Cell 1:39-49 (2007)). For
example, in ane instance, to create IPS cells, scientists started with skin cells that were then
modified by a standard laboratory technique using retroviruses to insert gemes into the
cellular DNA. In one instance, the inserted genes were Octd, Sox2, Lif4, and ¢-myc, known
" {o act together as natural regulators to keep cells in an embryonic stem cell-like state. These
cells have been described in the literature. See, for example, Wermnig et al., PNAS, 105:5856-
5861 (2008); Jaenisch et al., Cell 132:567-582 (2008); Hanna et al,, Cell 133:250-264 (2008);
and Brambrink et al., Cell Stem Cell 2:151-159 (2008). These references are incorporated by
reference for teaching IPSCs and methods for producing them. It is also possible that such

cells can be created by specific culture conditions (exposure to specific agents).

[00124] The term “isolated” refers to a cell that is not associated with one or more cells or
one or more cellular components that are associated with the cell in vive. An “enrichéd
population” means a relative increase in numbers of a desired cell relative to one or more
other cell types in vivo or in primary culture.
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[ 00123] "I nduced pluripotent stemcells (IPSC or IPS cells)" are
somatic cells that have been reprogramred. for exanple, by

i ntroduci ng exogenous genes that confer on the somatic cell a |ess
differentiated phenotype. These cells can then be induced to
differentiate into nore differentiated progeny. |IPS cells have been

derived using nodifications of an appj.0ach,oyriginall. j in
2006 ( Yaleonida Beweyer, as g heite Fheéfe‘ﬂp Ii“?%‘@ih °E§’6‘8?J}‘Js“¥te%§ S‘%ﬁ%ﬁ%&e in
oRe i nst %ﬁ?%’ sﬁgé?ﬁ%&]gﬁl&gcegﬁﬁcggg 4 Stem&ﬁ ipftjgtaﬂimt sells t Ruthiescthevetr “!§klﬁtﬁd’cel ls
that were then nodified by a standard | aporatory t

retrovi r irslestes thel the estis aigatmeayed fﬁ?%gieﬁé‘atﬁr@ﬂ‘sﬁ‘l’eaeﬁwm.%ﬁ s rélé%g tQ%nce,
the insegfed gﬁgg@e{@lr & ihred S9XBe nbinfalh tisewa cengirorept. k dovmdingy,ath

t oget her &S natural regqul ators to e ells in,. i
cel | -li kéisslatacﬂ”eceﬂme@@?mwﬂ&eéﬂcg‘g%E‘?“C‘éf%?c‘? F@dé@mﬁ tﬁ QP’F%&P% %ﬁ% e.

See, for, exanpl ] , 105 2 8ebed 2863 28 bublilgeni sch
et al., ‘E@P&%ﬁ@?%%@%ﬁ"ﬂ%& ;ﬂyaaﬁﬁé e Al el ] 133: 250- 264,
(2008) ; Emexdmiybrilhkayondéreo 10089, 130,.0ermers doublingsyp vimgr o3ty Matfiese
references are in g 5516 8r 198 ok kg evBSERnte.,

met hods -?8?“056?‘100 ﬁ%gﬁg%tlﬁtgﬁgn?%uég allso@ﬁﬁrols_si gl,%gét;ha chch cells can
be cr eatlede byrepaeiiftenl tood, wrkilieaberid bloerh 3dipesg B4 -t 0 speci fi ¢
agents). [00124] The term"isolated" refers to a cell that is not
associ at @eh e t e fRRcAHmIfE Sid6Ritha phino§Be” o panicelacgichatymrof clpbaient s
that are associated wth the cell in .vivo "enfl.chad ion"
means a areEREAMeporifiveand DI NpesiyRHEPLIE} etﬁr"ﬁ%{lﬁg@%’g?ﬁqﬁgggﬂb ?—i to
one or nore other cell types in vivo or in primary culture. 18

[ 00125] [oipragy erMAPE” sachohoayme for,“milipottwadult pregshitarselt”. diefrsiipe non-

i ndicate the presence, of only.a .S .f1.C ' SUGHIRSma stem
or proge‘?‘?i“ﬁﬂ“ﬁ’ r??e?ﬂgﬁtﬁﬁl} f,gw‘%/?*useet gg%bp%ssogggt%ﬂég "&ﬁg%y%tgt(es’ that the
cel | s argesh@imved eftodum) heinrdiffa¢ntintivn. Liks smbryerivisteanieln thugmag MAFCs

present at a higher concentratio .CO 110r0kREsROT HBEA 1] smgue
envi r onnfBREXPIRE OBt FiHgT Qfﬁaa’ﬁemﬁes%@f%'g" g&é?gf‘)?%f)(c}b_ﬁof(afison’rra further

i ncl ude @@} kxprasp@sndgn Bdictri Saduitd is NARE 64 en-wpiEictivgy It salFL@er non-
addi tional tissue compo -l CANLBE 1 SAPLES BRI (Tt &5  Of
cel | douTHaryRye sopmghe %ﬂxam%aée%gﬁealﬁi%punde?;o 10, 20, rggj( A0 or

mor e doudt| iNugse 40841 (2002) rExe xHeriold 39398 K202t (ncprporaisd | YIS LEmPEr ed
to its original nunbers. . i:n.\Vi [edivdd i5b Hibdag] inAke, Ht S0Rr aMmARNNMENT
(e.g., th??gmﬁge}?%evr\?seﬁx ??S%)lﬁ%)'r W&Qgg%ﬁdunbi l'i cal cord b ooé, add'ggose
tissue, mber)o helbl@dy nornplyron-raddigndnt sematioralb e R SHREHBIPIEP 0jdaey
particul ar_phen el¢l £€ iR 98 cdlisV eTiRNElomeres are
Negat i vet"(ei‘g"ﬁfst‘ﬁ%%%]é?éﬁﬁ‘%f t?&c’:eaﬁgf_ A 115%5:%7 1786 (2003)). [00127]
"MAPC' i extendeddic MAROn MAYPCspsikeivpopieally ng@talt progenitor cel I ™. It
refers to a non-enbryonic stemcell that can give rise to cell types
of all t}aseg) IehmlpBderSwit repect 18 HEkoEeE i “MRBOU esfers amthe ebilitydergife upon

differentiation. Like enbryonic stem cell human PCs ess
one or miedo ¢l linepgrief F0E %ﬂbf”?/ WY‘Y%E@@@F%@:?? e?‘%@?rf’ m(ré%gg ,Mgox- 2,

SSEA-4, anfe B Yip6 BiteSHHaa8 QGch aEhel thies, nNThiaduhitiy notrusédife@sistently in the
non-restrictive. It refers to a non-enbryonic somatic cell. MAPCs are
r epor t edlifeugpr ess high | evel s of telonerase (Jiang et al., Nature
418:41 (2002); Exp Hematol 30:896 (2002)) (incorporated bé ref erence
for teacfbmm]t etrimiasadedopna phémotyps” WPBaticir iphengtype ofretls B MF¥ouse,
rat or other magmal s, appear  to.-he;t O\ I Ny SA 4 gRaRt
somati c TEIFs EQX%,"?%&%QE&% t(ejﬁtf%)l’ Eﬁ%’\m s %ﬁ% L{argﬁg,x res%q(/er " hi gh
| evel s ofo 481, GE NiGerev@liis isna blanetypastage: eed ras MARG X@‘féﬁ@rfé’én re

ext endedRci)sganl’}@anicgdx'? %ﬁ%ing%gcl%rny P tR%Qsiaﬁtakéeyaléa%ﬁg-lMontoya et al., Genome
Biol 8:R163 (2007); Se’guin et al.,, Cell Stem Cell 3:182-195 (2008); and Kunath et al,
Development 132:1649-1661 (2005))-
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[00128] "Multipotent,” with respect to the termin "MAPC," refers to
the ability to give rise to cell lineages of nore than one primtive
germlayer (i.e., endoderm nesodenn and ectoderm upon
differentiation, such as all three. This termis not used

consi st ei&dﬁ%]' n“}trﬂl?or&lblt Fﬁl M*&c,e oo QURO YPBr biMEL ValspREoderdimiced and

phenot yp a parti enotype of cells that may express sox7,
soxl 7, gmmaldtedgaxrmcem!wé@ﬂs dlffp@m@tedﬁalhﬁpes Dab2, LamAl, LamAd, Lantl,
Co I4a 1 , and N dogen2 (this is a phenotype of nouse and rat MAPC,

XEN cel | § ?leﬂm dpro é%eﬁsﬂa&@elﬁqxadueeﬂpmﬁ@dﬁgreﬁﬁﬁoﬂ sfarsted celRipslzave .
See al so

Nb t al J ip et
al., Cel |soxs@,3% @&lnaii @%kgﬁa?@ﬁnf%eg‘)hm o ?5?}’ %f%e%‘fa%glprgge'b‘g %ﬂgﬁeﬁt
132: 164%&&@%&%@@%&&&&9&&%{) gefidr REIsCH ad copiEtyDRi Clir@sfelmut @6 tha” (PG

or EG ce can be _cultured an stinulateg to

duce Iess
di f f er erfPPaticR tepygally gifsentiatedgs st 16 1985 f&’gﬁﬁ yed g&gy TEpe

IOFOducedl\@mit’%eﬁﬁoftilﬁit%é@llb@&p@?ﬁcﬂaﬁﬁl&ié\ece'| that have sorme, but
not all, of the characteristics of their tern1na||y dlfferentlated

progeny. fing it c "car C
cel I's, IQE@ZL n%eﬁfeé’gw%]l rgleps; eé% é’bfﬁjé' b Riguck Jeéw%pe&(%}lg IC oefn Plell
terni nal Hayingitef same riffepdnastiomaiotential pe the Phentlecedls.” Ar Sgdari teror Usedin thised i n

frﬁeggéon é&tédaéﬁkéile% not limt these cells to a particular

[00133] “Stem cell” means a cell that can undergo self-renewal (i.c., progeny with the
same differentiation potential} and also produce progeny cells that are more restricted in
differentiation potential. Within the context of the invention, a stem cell would also
encompass a more differentiated cell that has dedifferentiated, for example, by nuclear
transfer, by fusions with 4 more primitive stem cell, by introduction of specific transcription
factors, or by culture under specific conditions. See, for example, Wilmut et al., Nafure
385:810-813 (1997); Ying et al., Nafure 416:545-548 (2002); Guan et al., Nature 440:1199-
1203 (2006); Takahashi et al.,, Cell 126:663-676 (2006); Okita et al., Nature 448:313-317
(2007); and Takahashi et al., Ceil 131:861-872 (2007).

[00134] Dedifferentiation may also be caused by the administration of certain compounds
or exposure to a physical enviromment in vifro or in vivo that would cause the
dedifferentiation. Stem cells also may be derived from abnormal tissue, such as a
teratocarcinoma and some other sources, such as embryoid bodies (although these can be
considered embryonic stem cells in that they are derived from embryonic tissue, although not

directly from the inner cell mass).

{00135] A “subject” is a vertebrate, preferably a mammal, more preferably a human.
Mammals include, but are not limited to, humans, farm animals, sport animals, and pets.
Subjects in need of treatment by methods of the present invention include those suffering

from a loss of function as a result of physical or disease-related damage.

20



[00132] "Self-renewal” refers to the ability to produce replicate
daughter stemcells having the sane differentiation potential as the
parental cells. Asimlar termused in this context is
"proliferation.” [00133] "Stemcell" means a cell that can undergo
sel f - r enpdeds] (iThe termp‘ﬁhﬂg@wtmﬂ)t tifecting agwmet” aéfers ¢ dntampnitalstepoinehio) al )
and al so roduce e r t

di fferent g"tl Wﬁﬁfaggﬁ ‘%)Seéftlﬁl lt?irﬂlcoﬁr??éa%tlﬁlg? e'i‘%iﬁv?ﬂa\r/rlgﬁ:%tls gﬁﬂw
stem cel thempauhdceﬂalk nmeﬂfassompaé ageats moy probing thersemvivabilig df dhelpetianh ard/eras
dedi T1 et St 36T culioh o5 'errr{a ndWCh 3 EARSA LY. QiechHSh AP ol (N 2
nore pri &S £ ce uctlon 0 peC| ic transcription
f act or s, meanirgyf dnhmmmeuuddieﬁmslpdcdefwemmﬁﬂlﬂmmﬁaséaﬂct$@tﬁllﬁb@ﬁ | e,

W hnut et _al, 8 n

416: 545- 818 1t 95530 Hogimanehy tRks bl per 1R Biepen Bl fitatve
Takahas hamets aie asc@atded 12 6m6 68 offitery( kUDB) the atuthraua&t rogine analtoati@ to

448: 313- ( alpas Tidhs, 86 FuBA2 (3R ) -

[ 00134] %%lgct ;%819 fgé‘b?‘o%a]ﬁay {lan@ éﬂadélgﬁglggﬂaigy ]talatie adm ni strat’i on of
certain ctﬁbvqnwhdsamunéxposure to a physical environnment in vitro or
in vivo that woul d cause the dedifferentiation. Stemcells also may

be der i vigghshy OPTRRMOHLERIngt biSSEfmeFULERE bballp Erbicldad i tmﬁmmns ome
ot her sources, such as enbryoi d bodies Ith

consi dereaeh By AICUPRETH %‘E‘qu§t}}eﬁ’ N E’?aém%téP S@E‘éﬁ’ Pt %‘ﬁ‘Pga
embryoni &ﬁ&bnig Ussfupd doBOdieHase) 8 otflér/detelivhsfpiee@as] heluiting @ose tbd intorfars) .

[ 00135] ject is a vertebrate, preferably a mammal, nore

pr ef er ab¥ih adh LeEH Com e i ncl ude, but are not limited to, humans,
farm ani mal s, sport animal s, and pets. Subjects in need of treatnent
by net hqd@lse]f The inpeeae tkvd discondrédothati mwotemieyonioctr salk far bhgrofREm a

| oss of function,as a result of : ge.
[00136] “?ﬁég“%eéﬁﬂ? ﬁ%%’%?ﬁ%ﬁf‘?‘%pé’ls? QeHX@? g'!t"t“\cxhge" ‘g’!ﬁo&%ﬁ%ﬁﬁgﬁ%ﬁﬁf gﬁtﬁﬁe
eérmu nt dﬁhemmy?;]gd sthi cpitso’ﬂhmﬁ‘om,rtble dchegaperst qapahlee@mmd%@nh; PIOSEONRRAl .

or exa e e &amu hLhe h

cel | - asJBEY g‘tf tétﬂ(%‘:'drﬁ\flenE11 %g Latt{]ﬁo gﬁér%\%gﬁbg Bof fc?tltaégepsg?lf ent,
and/ or |cﬁlhp1bdttcncwert cI|n| caI syrrptoms Treat ment s that are
therapeutically -effective within the neaning of the termas used

herein, [l](?;ﬁb Udg et Sais BAL sre Widd@ht FAIREP Yifveios Uihe Gdchile QB tHay aefndti f e
even |f 3) not I nprove the disease ogtcome r se. . Such

t her apetltarl@@!’me? opmmengdite Ehep IRy 8avgadomaal & ofypre o o6 xR S %P nar v
kil I i nsthREP@I dre Ihd-ALAN 1Akl RRuckRh G308 1§ Qavlbhamhl oppatiions
such as |n clinical and pre-clini cal trlals Thus, to treat means
to delivwslwduch an anount. [00137] "Treat," "treating" or "treatnent"
are used broadly in relation to the i nvention and each such term
enconpagers)] amhigeaicheca bqatbmvad by insing angmedthodrfat nonepdharenh goivtti sugh or
curing a deficgienc dysfunc Lse t

process % 4% Ioﬁ thh%%@“té E‘t i Sé’rng%\jitﬁb’ttﬁlli cﬁ/3 ﬂmge?stg’l 1:t% ’tla(r?lgnﬁqga

t her apy .drdy0 QdeBidH tﬁhﬁodawemdorl—hpﬂ,ameddlbslow);eﬂved farbedt ageaegationb mpedd c

stemcells can.b ro t e

cel I's t HgRH &%ﬁaﬂ?’ﬁ (%ﬁ’ew%?igslfwgr e%g ﬁe& S\Léen%ﬁ mgﬁ@%?%@%ﬁgﬁ%ﬁyom c
stem celpllesnc Tsh@fem‘icﬁr eyliutd Estaig g:re@ta‘b@s bmeactmapabh%orotnlatf@raﬁu @dngon-

pr ogeny WI erentjate

aggr egata&‘”ﬂlﬁﬁ %épeﬁka ?‘i#mgf or %cmrp g‘de[m;s%r(}a RM@@PMJ duc l%t%)sth?ﬁl 08%%]

St em celgrstidghdtvells 1o coset sike dfoplotibpandmienilnidia dﬁwﬁSt ncl ude cells that
are not transformed or tunorigenic. They may have a normal Kkaryotype.
For exanple, sone, such as MAPC, are known not to formteratomas in
vivo and to have a normal karyotype in culture.
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[ 00140] The aggregate can be formed by using any nethod for
non- adherent growth, such as, any of the known nethods in the art.
These include, but are not limted to, the hanging drop nethod
(Kurosawa and Hopfl, cited below), the forced aggregati on net hod
(centrifugation) (Ng, cited below, nethods wherein the cells are
cul tured on non-adherent plastic, suspension culture (static or
stirred), bioreactor expansion platforns, and non-attachnent or
special coating e.g., tenperature sensitive pol yner-based pl ates,

m crocont act . pri t I,%e SliOREEBe used @ith
m cr of | w@ 1#l4e Dégesillrf%arg fthgr?fL ggéshal ITEdI%. aSe nown
in the art wiueh sndn @r nEyarfies wge:dcwcmawswsh@é% s#u AT P8R) oty en
varying serum co entratl é)laﬁwﬁ@ﬁ&) owdfl &6toSas um
is absentse‘i’i’ln‘?'gtﬁ ﬂredFﬁdqﬂeI?eg%ﬁgg?rd ?%I{%lgr%gf; Ki | “d &go to use
growt h fa;eﬁapmeﬁtahe:wmmm itdtpalinga b notiigitesnto, EﬁE 2 ?fr?d) 8
limted to, EGE an 55 R Y0 wed%oﬁd
from at nﬁgﬁqﬁ%ﬁt‘(?nﬁ%arf’nrﬁes 0 %)5%&@%1%9‘9{5%5&{&%?@%1’915 20% gﬁd nunber s
bet ween. 28d4Rtwddre stem cells that formthe aggregates can be
derived fromvarious tissues, such as bone marrow, placenta,

peri phef 0 ik Ctﬁalt F50 e DleROflRRd bt Hasie fromlvarious disties; atch
Cell's de P%lﬂb 0 ne KB

the |jterat re are i.fied bt
appl i cat |asr’mond3mm<tw'1&>lacmi®rpﬁlﬂﬁfa¥ bleeh o E‘Bﬂt"@%‘? %ﬁd%da{ﬁsuehon 3nd;rhyon| c
stem cel | » 1BRkLelchplifiand disbap lmauma Sutrihe
| ayer. Se%tn'“" Pes %Slé“%g& Nfﬁé &ygesltegiﬂ 905 l21803/ 0059414: ﬁ 0570 64794,
all i nconmnactreﬁllrtbq.r qoeﬁempleﬁtéﬂ‘ffléﬂﬂ IWRERE Fim FrisBat s Lol AP Rt WBYs
for making th 5589&4 | py@ddistd, ofBr ck@sse, dUTSt emmvoat mwnmcel I's
may be dertve b ario nanlpulatlons suc f.ecti and
expr essi @0&’@1&4&941 algenemol‘ﬁﬁqdhff\‘@ff‘é@é?lfoi“ fepebingdhgsp E"’HE‘SX tﬁ?‘f é%lr?
reprograqhgpe undi fferentiated state, nucl ear transfer of somatic
cel s into &n environnent that creates gene expression corresponding
to a less differentiated phenotype than was present in the somatic
cell, gromh in nedia and culture conditions sufficient to maintain
pl uri potency (for exanple, "MAPC nedi a" and expansi on protocols),
nucl ear reprogramm ng by fusion of somatic cells with enbryonic stem
cells, culture-induced reprogramm ng-cell explantation, and treatnent
of somatic nuclei with cell extract from oocytes or pluripotent cells
(Hochedl i nger and Jaeni sch, Nature 441: 1061-1067 (2006)). [00144]
The invention pertains to stemcells fromany speci es and,
particularly, manmalian species and, nore particularly, to humans.
Wthin a species, uses (e.g., admnistration of cells to a subject)
can be of allogeneic cells. Across species, uses can be of xenogeneic
cells. I'n a subject, cells can be autol ogous.
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[ 00145] An aggregate, with respect to the invention, is defined as at
| east ten cells. But ranges include aggregates that are not so | arge
that the inner cells becone necrotic. This can include aggregates of
100- 300u and nunbers in between, such as 150-250g. The skilled person
woul d recogni ze any useful nunber in that range. A useful nunber of
aggregates woul d be greater than 50 for clinical applications. Cell
nunbers are vari able and range from hundreds to ten of thousands or
greater, e.g., 100-1000 (about 200, 300, 400, 500, 600, 700, 800, 900
cells), 1000-10,000, (about 2000, 3000, 4000, 5000, 6000, 7000, 8000,
9000 cells), 10, 000-50,000 (about 20,000; 30,000; 40,000 cells) or
nore, et 01{3@011146}add]%tm amrrr:‘lif@sanmmk/lswm delts tihdys bapperivedt Porvaips i ze
a cell that, as bee ce€lol
(" VAPC ) BB AR ST e 50T A Rr P st hls RUZBRAIESIcACh,
are not gD réprogenl ﬂl@bl!hﬂlff&&ﬂtléd&df ﬁﬂe,emlm‘t tepnpfon of somtatie yellBsinigf ainpr e
t han one ermla h t er
in form éé‘ﬁ éaq?sggep?_l eXpreS?m? tcgﬁe?ﬁ%n Flmé ?(g%[%% ggig%?{eiﬁfdcg@ R
popul at i @An waegrctont mahmmg@negmtwthm oedidiand Fylterd spndifenspulicisnt to
I nventi on, gre f r‘ f d r bls),t Adlear S
pr esent 'f‘“néﬂlp 188?2 %5% 19 ((E;)r]{ltlaer%hacgaﬁ%ise?q?iian%@hﬂﬂpﬁeCJ )
reprogramming by fus:on of somatlc cells with embryonic stem cells, culture-induced

reprogramming-cell explantation, and treatment of somafic nuclei with cell extract from
oocytes or pluripotent cells (Hochedlinger and Jaenisch, Nature 441: 1061-1067 (2006)).

[00144] The invention pertains to stem cells from any species and, particularly,
mammalian species and, more particularly, to humans. Within a species, uses {(e.g.,
administration of cells to a subject) can be of allogeneic cells. Across species, uses can be of

xenogeneic cells. In a subject, cells can be autologous.

[00145] An aggregate, with respect to the invention, is defined as at least ten cells. But
ranges include aggregates that are not so large that the inner cells become necrotic. This can
include aggregates of 100-300p and numbers in between, such as 150-250u. The skilled
person would recoguize any useful number in that range. A useful number of aggregates
would be greater than 50 for clinical applications. Cell numbers are variable and range from
hundreds to ten of thousands or greater, e.g., 100-1000 {about 200, 300, 400, 500, 600, 700,
800, 900 cells), 1000-10,000, (about 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000 cells),
10,000-50,000 (about 20,000; 30,000; 40,000 cells} or more, etc.

[00146] The examples provided in this application utilize a cell that has been designated
multipotent adult progenitor cefl (“MAPC”). But the invention pertains to any and all stem
cells that are not embryonic cells but can differentiate into all types of more than one germ

layer (e.g., two or three).

[00147] Another parameter in forming aggregates is the purity of the isolated stem cell
population used to form aggregates. Accordingly, in the present invention, aggregates may

be formed of a desired stem cell that is present in a population containing other cells as well.
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Bone marrow cells, for exanple, conprise m xed popul ati ons of cells,
whi ch can be purified to a degree sufficient to produce a desired

ef fect. E&gﬁam ééu?%ﬂ eﬁaﬁlﬁ@ oBfubride MxddS R k6n S BT WhRh LitpeREEaNT age

of a desi stemcell 1n popul ati on "usi ng vari ous wel |l - known

met hods, tostdheres ﬂﬁﬁ%}@#é@@m@ fdesiod elertc &hoseS%hﬂﬁi iy tepaegin ropdily t y
of a gi V&&mﬁﬁﬁ%gﬁérbent@a’g@ ofth 3%irbE stgﬁtc%ﬂfﬂ 9?9%%69551@%93 LRRLKERAE

expression profil In a popul ation. Ranges of purity in
popul at | wagodsosnsh psilupgeseeney aptivataskcellpertng (FALS). dﬁ&m Ofacxnsa stemasll 6350,

and 65- 7 O(QITGUUI.GD ullé%&]ﬂé@% ﬁe %féS&&lﬁ&ﬁl@gM a?&b‘uyaﬁc@ 75- 80%
80-85% St t her rangesS include purity of about 85-90% 90-95%
and 95-100% However, popul atipons with |ower, purity can als

usef ul . BIMSI aRaags of posy SogPuisdonssorisne By, S ePnSe 8.

[ 00149] $3360°4), %n@lﬂ-'?@}g ALESr rah R iR Qide GHARY ¥OAbOR mab%s 75-80%6,80865%VIRD, may

be substapti al | en I n substa dally
honogen LT %PV‘%E‘ﬁ é?gﬁé ng%q/%ﬁBd %S@JQ BN PRP: ait/'mé'?s
above. Ryt Iwefrpﬁﬁy cait dMOrbe GBdAb, fehes aan2m U3B8] 35-44veM0t4se4TIdg t he
aggr egat es. /[00150] In methods in which the aggregate is subjected to
dlfferenﬁ‘%fon conditions to produce sone of the differentiated cell
types discussed in this application, many, if not nobst of those

condi ti o[nmar e Immiaggbga@s,ttbe pdremebryicoretls, weahyas MART, miay be lsebstantiallySee

for exarﬂ%n:t%ﬁene or ?& fog.ln 155 H:Eﬁtsubg%ﬂ]l? Bodk2h cg%{neoﬂ"ﬁfm 2piit t]}t‘.@Af?%zl 07)

and |inks erein erentlatlon oto epat ocyt es

| nvest 1tB9agkR\dte 80 Varyae Alrare.ofyuthemmjoge, E&\pr ook GreGan h@gmgbi;l whemfoning

nmuscl e ( ng} gatwvest 116: 3139- 3149 (2006)). These differentiation
condi ti ons &1 ncor por ated herein by reference. Many differentiation
conditions are_in U S. 7,015 037 and Mays, et  al %%ab,ove), "

i ncor porl8%88l pin F’éﬁ’éﬁlseﬁc‘ém?lbﬁmtaﬁgﬁ@tep’rs(ﬂlbé‘iﬁ?dsm difpersayoncrradiiowt Be ol
for for prdlcd el HeRBQGiatb® cdlS g d%ﬁ&ih@%s&llpplﬁm,m noeffodtet al
Calf Serum PDG--BB, EGF, kIE BS%qﬁnsul mftransferrln

(1 TS), Iof opesomdisiensgresailabfatp oy aadinary B’O g%ﬁ or| kAT, iRy

pref erabt @Lt gxpereopRRA BibDIer tHEG-1BANQOER 2% DihRS Hierih 6f dif&teﬁﬁa{hon

S Bl ke [ AT Bk bR GERLBR AR A A,

| east t\é@xoaﬁtnﬁl@ds (Jf Olik Oivese i 231399149 €066). '(‘Ee)se tHigfangntiagjort coomditioasiat ace

t b d t
o T bR @0 B AR SR R SRS BB e
Utra-|I mwyabﬁaac(&‘nmé)l intdrjpedteddiprpleahe f(n@hma pg)ocpls

[060151] One protocol for forming the aggregates is using DMEM-low glucose, MCDB,
2% Fetal Calf Serum, PDGF-BB, EGF, LIF, BS4, insulin-selenium-transferrin (ITS), linoleic
acid and lipid mixture and 5% Oxygen. It may be preferable fo use conditions that enhance
expression of oct3/4 transcription factor, for example, at the levels expressed in MAPCs in
2D (adherent) cultures.

Aggregation Methods

[00152] There are at least two methods to form the aggregates: (2) hanging drop (surface
tension based method); and (b) forced aggregation (physically centrifuging cells at 1500 rpm,
4 minutes onto the bottom of 96 well Ulra-low attachment U bottom plate (Coming}.
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Al t hough both methods are usable to form aggregates, the hangi ng drop
method is nore cost-effective to produce |arge nunber of aggregates.

O her ways_include stirred su nsion or. gr i - nt
ol at o/ 1 AdkorsbpbmeBorasnt vap REPRO b ey o Bl R IEhbRCHA™
aggr egat gFecifsothrdiicd Righ admbaud hggsgarss.c Oticowmactclyple; sHrehgispgon gi3)

Th hods. il bel ' ] ' i RS, Mi ch -
L

non- adhesgpigaeekbul by thetlicels seh hotocd@ed pddinpang et al ., "Efficiency
of enbryoid body formati on and hemat opoi eti ¢ devel opnent from

ebr yoni m.geld S e dicf; HBE FNSAR PRakdak,olRahae hagy and
Bi oengi n@gﬁsﬁg ¥ ra%f}@gg}e(lh%ggé Fa%gljiléhﬁ Kgsn%% et al., "Formation of
enbr yoi dinbagéreted yyrefrrnscfortishing vprdous nemadbereyt selbpyltpre sefhods- sur f aces”
Jour nal of Bioscience and Bi oengi neering 100: 88-93 (2005). [00156] Ng

et al., 'oﬁgﬁe%ﬁ%g&eg@t ierficitthoyd of | el ol BB Jordhtidiiad iRaatopeiaticc
stem ceI{s | hto enbryoi'd bodieS fosters robyust, re :,o#um blfa
henat opodeyelopmefit fioay aplyeNq am CG%HPEW#&?V““E?’B&&“I%G: Gk 6‘5’3“’(’52005)
[ For ced Blgg,ggg,g@,g,;ﬁofg: AL baqbood00157] Kurosawa et al., "A sinple

or m ng

met hod for enbryoi d body from nouse enbryonic stemcells”
Journal of Bloscience. and Bioengi neeri 96, 2 : -cehO1 58]
Magyar et00L¥5] — Rograet gy SEmmetoge 5’?“%3’%%3%% yb@%gggéﬁlﬁgﬁgé&%ggasgs"
Annal s  oflasdtd eurbosy” Yaui#al Bidke eycenind BlierginesnWd:88-23620043 (2001) .

[ Scal abl e production of cell aggregates as m crobeads]. [001591 Hopfl

et al . ophddf enanbiating 65 SRS RElbbeS of Hibfn SRBFWAIb teheglises”
Met hods WE;@GLI 0 ge;gfz - &%E%%%% THangi n drgp met haod] ... .
into embryoid bodies fosters robust, reproducible hematopoietic differentiation.

Commentary” Blood 106:1601-1603 (2005) [Forced aggregation method].

[00157] Kurosawa et al., “A simple method for forming embryoid body from mouse
embryonic stem cells” Journal of Bioscience and Bioengineering 96: 409-411 (2003).

[00158) Magyar et al., “Mass production of embryoid bodies in microbeads” Annals of the
New York Academy of Sciences 944: 135-143 (2001), {Scalable production of cell aggregates

as microbeads].

[00159] Hopfl et al,, “Differentiating embryonic stem cells into embryoid bodies” Methods
Mol Biol 254:79-98 (2004) [Hanging drop method].

[00160] Cameron et al., “Improved development of human embryonic stem cell-derived

embryoid bodies by stimed vessel cultivation” Biotechnol Bioeng 94:938-948 (2006)

[Stirred-suspension culture system],

[00161] Wang et al,, “Scalable producing embryoid bodies by rotary cell culture system
and constructing engineered cardiac tissue with ES-derived cardiomyocytes in vitro”

Biotechnol Prog 22:811-818 (2006) [Rofary suspension systems].

[00162] Yang et al., Biomacromolecules 8, 9, 2746-2752 {2007) [Use of temperature
sensitive hydrogell].
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[ 00160] Cameron et al., "lInproved devel opment of human enbryonic stem
cell -derived enbryoid bodies by stirred vessel cultivation”

Bi ot ec hn%elﬁéfoeﬁais% 938, 948y 6 Q06NipT FITI-vBIL6S FERS bOmicgsflididsefor
systenj. [001I61] Wang et al., "Scal abl e producing enbryoid bodi es by
rotary c&Hicicif: ﬂ?@o@%‘?‘ém and constructing engi neered cardi ac tissue
wi th ES-derived cardi omyocytes in vitro" Biotechnol Frog 22:811-818

(2006) [ Iﬁmltleqyl ‘BhESHREREAA@NcaR b HamR] .(witmos)hﬁaig ééﬂm?mbrtr gdater than 100. A
Bi omacr onol ecul es , . 2746- 275 007) . e of .t I :
sensi ti v@“ﬁ’i}‘ﬂf%‘@feﬁo& ce?lf %vfé’?fn 1§ it%é’ﬂﬁ aéfn[glgjlsa.g‘?wg'a Eeac%gg% d%}séﬁ?%mgmg
7:770- 7T7GropRORE) iegation méteodof | Startthge Srofror1008F £éllsj ebwt aggBogsics chad an
formation]. . [0016 T regat es ,can for it h, W

cel | nunﬁ@?""@;‘%@é{“@?ﬂ’f ?Qcﬁ{)@%gmg Tred i(‘ﬁﬁ?ﬂﬁe’gﬁy %ﬁﬁnﬁcee ds}l@’ﬁg\’? %h’%& ear#&gsed
t o form adsjsrghagng dlop galtee. Okberefofe, d aysul ofartig raggaguldrbe §PIF4H0Odiok each
aggregation nethod. Start.ing.from 1000, ce , the aggregates had an
appr oxi nﬁ%géegﬁ'iﬁ%‘gam osg@éﬁmg’eble’r’@/bgtga?ne%g?ééo(scount ed by ttypan bl ue
excl usion nethod) after 4 days of hanging drop culture. Therefore, a

usef ul sBamiCefly range coul d be 100-4000 for each aggregate with the
nost opti mum bei ng between 400-2000. Stem Cells [00165] The present

i nventi 0[1)0?@? B RERGHE liBlionRE£ bEpra&cHd, prtBdrdbly, SHQIMIER LbIB Ffvertebrate
vertebrate species, such as humans, non-human plri mat%%,b d %Estic
ani mal s, sHeigt SYCHER humang, RADHEMAR GHAGIH FOREANERlsNGiTst ??}’g g non-

human mammals.

Non-Embryonic

{00166) Non-embryonic cells reporied to be capable of differentiating into cell types of
more than one embryonic germ layer include, but are not limited to, cells from umbilical cord
blood (see U.S. Publication No. 2002/0164794), placenta (see U.S. Publication Ne.
2003/0181269; umbilical cord matrix (Mitchell et al,, Stem Cells, 21:50-60, 2003), small
embryonic-like stem cells (Kucia et al, J Physiol Pharmaco, 57 Suppl 5:5-18, 2006),
amniotic fluid stem cells (Afala, A., J Tissue Regen Med 1:83-96, 2007), skin-derived
precursors (Toma et al., Nat Cell Biol 3:778-784, 2001), adipose tissue (U.S. 2005/0153442),
gastrointestinal stem cells, epidermal stem cells, and hepatic stem cells, which also have been
termed “oval cells” (Potten et al., Trans R Soc Lond B Biol Sci 353:821-830 (1998); Watt, E,
Trans R Soc Lond B Biol Sci 353:831 (1997); Alison et al., Hepatology 29:678-683 (1998),
and bone marrow (se¢ U.S. Publication Nos. 2003/0059414 and 2006/0147246), each of

which is incorporated by reference herein for teaching these cells.

Strategies of Reprogramming Somatic Cells

[00167] Several different strategies, such as nuclear transplantation, cellular fusion, and
cultare indnced reprogramming, have been employed to induce the conversion of
differentiated cells into an embryonic state. The references cited below are incorporated by

reference for teaching how fo make these cells and describing them.
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[ 00166] Non-enbryonic cells reported to be capable of differentiating
into cell types of nore than one enbryonic germlayer include, but

I d I f mbi. | I
Pub | oat 100F o Nsban Fors FOATS 1 dieivn ot € Bl AR FEGn et

2003/ 01845208, whitH) h;bnbxﬁ@dnsﬁﬁhﬂi Aeatrogake idvhdrodae Igive aise wla, clonsr“emr@btpw

21:50- 60, 003) smal | onic-like stem t
Physi ol DORRETRCS, UPR e@I"d‘fﬁ o% "itgr b/10[0:) ar-1 (EO ?Illc((‘:’IﬁII ﬁlaﬁ setng) o(I:I:Ig'l S
(Atala, dem Elsﬁbus:.mema@gen nwar frarSfBe %cmzmx)r fussinrorﬂsmmrﬁﬁ oadld with ES

precursors 0 8e. 1
P ooue Ctols ooy by Eerpn of RpI Ry y ol s of Mo BehORE
st em cel kglan@fion bRpmbiiccedd Rrnlast éebptsﬁmminoadlsdl ry Sabowsi t" oval

Il Potten et al. T 2 Soc L :
(To08) ; ‘wxgmetiest. Kiretr@egedeonil “gmars a%@r%@g?&%%rﬁ 5% ’ﬁ‘g’%ﬂ son
et al., tHenahUeolyivelDfr6nd Hofifiial (bDHB) Tzamducttmneaf sematigyge %é@h \Jefiped

Publ i cat on Nos. .2003/0059414 and_.200 S
i ncor por%?t@a B TG FRRERTREIL IO PIBTP Qéeng%% 4ﬁI fe %g&ﬂn é%r}g%segr es

of Repr omaerwnregtem tedieel (HecHeMiDE67amd Swlgrﬂa \Nathird Mérl@ﬁt l@t‘ir Wi es,
such as ear nt | ar fusion, and culture i nduced
e GRS o 0T -

reprogra nduce the conversion of

drfferentlated cells into an enbryonic state. The references cited
bel ow ar¥udleacBrepferat ed by reference for teaching how to nmake these
cells and describing them 1001681 Nucl ear transfer involves the

I nj ecti oo a MaRRRL ﬁ&sﬁlb&ﬁitﬁﬁfmir}\taﬁoa’e&ﬁaﬂt‘d mﬁcaﬁuomelj/m@leammmﬁqr upon

transfer |ntoasurro ate not rise
("repr ooﬁﬁ@NTI»éle’éqt?fﬁIlW@‘ﬁ?dch © G‘r?BFIe ;}B’?‘bﬁg%ﬂof ol l‘ﬁc IouarqI e nu%%‘ilI?dg ive
rise to &%ﬁ@ttb%héryte raa&reﬁwdmﬁﬁa:rsmnm estaemwﬁ&) 3&%31105316 '@Vt itecel |

nucl ear transfer fusi mat i ¢ ells
resul ts SReTelnR ofdive ra&’c“?aI?nbyCﬁIrIﬂ%‘P?sg o ﬁ’é’I ﬁf ek E%I‘ae fIIII)IgEDCE?%HQ

pl ur i pot gahdiESheet lesminfniitkntmibiedrligfcaspnephgramebd © ah AbmPHiGsEe.
selects for |rrrmrta| cell lines that nmay be pluripotent or

mul tipotent. AL DrRSent. ol el BhRaan dim 8Ligm cel | s are the only

source of pl potent cefls that can be derived from post nat al

ani mal s. Transduction of somatic_cells WIth defr %eshag?

i ni tiat el0PERE o driamAtia gePrETaIHAR PO 1US ehI"é‘““ﬁI‘ éérr mental
appr oachgs haued eramsﬁ%fe&mbry@ﬁycduem@mdmﬁ&mmed{ybﬁ@ebemm shgeissch,
Nat ure 441:1061-1067 (2006) and YaHE&aE ge 2 ? ?0 9-49
(2007) ) . soNalis edls aﬂaﬁ@rﬂw &%&0@@1‘38 o tr?‘é‘ﬁ 1 Gt T on (7|\(ﬁ‘ ‘al so
refer rj edengrgyﬁ&fg%gﬂmm)c orCRY r%euﬁr w&gﬁndmmdreﬂeiml N, 1322276238 {2406

i ntroduction o nuc s froma, donor so c

enucl eat&ereoBERt @P@Sg@ﬁ’eﬂﬁt E"r%‘rméleg’rl?@’(?m&n ?Iﬁéﬁ% tI’EII lII %IIIJHPOIN%I
385: 810'&@%&&9@&mm—£ﬂem€kﬁﬂfﬁﬁbh Q:Ebdﬁrfts | memanmmbs{Ttﬂ}\ (Rl € /s at ed
that the e enet | t ceII

terninal Pé?ﬁ?&'@ﬁqu)aﬁ‘gﬂm‘% Te@”ﬁ %%Ot?n%él 3 re IEII& gﬂghucgérlﬂgir’c?om c
st at e. Fﬁb@@c&,ﬁansarmt iSeiekaR 309: 1aml1sﬁam0@5())mm St dm-@httes?’lSE]@ﬂ)}?@P

Epi genetic repro omati c ,nucle r d
sIto Iatg e ha(Ig fI:?é)eI?II g‘ﬁﬁm ?g?té’ﬁlr’%ﬁte?ﬁ??agf?u ?ucIl n%&t%m gQ%IgIt Ilfﬁs% a\I?II&FIFII%IS% mati c
cel | s. Hyhpickys bebyeep @BM)pus?oﬁedraVarmrpmedxdrsoiaNdmermrE,EoPﬂUé pEeRQi¢snoma

I1's (Soft R t 7
(B0 oreisan Wit XA ROTRERER CBBT o 1138 099 200s)

share many features with the parental enbryonic cells, indicating
that the pluripotent phenotype is dom nant in such fusion pr oducts.
As with nouse (Tada et al., Curr Bidl 11:1553-1558 (2001)), human ES
cells have the potential to reprogram somatic nuclei after fusion
(Cowan et al., Science 309:1369-1373(2005)); Yu et al., Science
318:1917-1920 (2006)). Activation of silent pluripotency markers,

A
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Cul ture-1nduced Reprogramm ng [00171] Phui potent cells have been
derived from enbryoni c sources, such as blastoneres and the inner
cell mass (I of 5uh§d1?e| (ES cells), the epiblast (EpiSC
cells), pri n%%—gm—m—&% cel | s) and post nat al

sper mat ogoni al stern cells ("maGSCsm' "ES-1ike" cel I%) 'Qe foll ow ng
pl uri pot B8171¢ el Riesipotghtonels have heomieityed dorormbrysmic/sppress, &ch & Blastqoyres o\,

Q?Tf h‘éﬁfr%ﬂ% ’5%%9 sl %'T'tﬂ@_glagtfﬂ@gt‘ (B ¢, %Cdpimt (E}d@scasemm et

884 7)) ;- enbryonic tem Sﬂfg
der i ved- primoniipl gesn eabe (&G leh ﬁ#aatéltspwafog%t PR (én %%6
(2007)); %e“ 8, S Jfoi%??gﬁ%ﬂo&n(&%”aﬁﬁg@%ﬂﬁﬂ%h&@avﬁ@)sudﬁ@«gﬁﬂloﬁi aI

el Fiehjpeethmwcc&srzq%i})we Horog SRR 2PROER AN & Pﬁvcgﬁ&?&g&
Cel | éérrg([:}o F@&ﬁé% m@mavﬁmnﬁﬂwﬁﬁét&ﬁt@ (Beksyatierct ed

from sper stemcells ((Juan a Nat ur.e 1199-1203
o P R it 868 4300 0 ool s ol oS PEPSANG JRagE S
Scandal lg% Al 48.DEb Y5604 ?549 é&?@@ Qertn? A7 dndbrydnpl SfziscRdd &ﬂaﬂﬁvajaafenved

from epiblasts (Brons e Nat ure 4 7

al ., Ngt derived mpmﬂlfwmeﬁkwa%ﬁ il 5%373184&%5&%923 éW\% e

derived fr Om@wlﬁd%e%ﬁﬁ( Sveli Grfi | spbrmtogétlial , stebe icellsC (GuaN =1 48] Hul2€02) ;
t

R d Stem Ce|l's 9:4 2 h K
have becHOdpe-258 GO0BHKA mﬁsﬁ%‘h&okﬁ 6‘@9{53@ (8oeiE ooy 8 gele 651 ' ©
282 114591 34749980350 WS, BASE cliRere disivédeth épitdasisiiBroes crmt. Muure Bang

25: 2806- %5553%%%9%4%%%%Zﬁoﬁ%zrepﬁﬂﬁg FAMORPTE IS SRR (van

del l\/endeﬁee@h%nv]ggﬁ‘@mlﬁﬁﬂﬁﬁ BdcyRh (@Eﬁﬁeﬂﬂlﬁ&'zérﬁ@@g‘ﬁﬁﬁ f%m)pgmm eﬂél‘,l \]/-gg 5
cell's derived from neur | e 1&9@9
(2000)). C@@ﬁ@ﬁ‘é@e?f’é ??@F#? r@%’é%&“& S el e%%’%%ged‘c égés

sper mat ogaficHts ThehRos et d1s Selree RETOMAS-U ITH(RIS); MAFPErkavd btelvdwed ﬁom it

has b h < o at
o, ehns oyt oS, BRI ReF haed et o
440: 119%51208.2402006)7); et blved icalls (deried &bmeqorqoblmdeo (Rgode i Vien et gl dp

cul ture. Wil t of
o i o ST ORGP BR PR M B RS, %o
t he sper4msagen288:1&0a6TEIN) é)ommﬂﬂ&@t&ff geyn @maag@we%ﬁq

pl uri pot ent 33"%%??@‘ i aSt Itk QAT th tb@'ﬁb?ﬂtelﬁsintv%}’blﬂﬁf ﬁas%&?sﬁo@mf@{tm

post nat alP“ZRt had €Shtribute t I ne. Recent

mul ti potsmipogdtiEs- hrsqou@tlsrﬁia@gmﬂamhsrtamleékﬂsﬂé‘N@@ -1y (%%ﬁ)e‘)fd%ﬁqs\?éd
frém test cul et ﬁ&ﬁ;emh(?% G% @nbzﬁlede iso1pdd eﬁ@ﬂﬁ&loﬁ@e@% viafdulthese
cells ha "arh f‘2 (g.

exbreSS| on ifferent fromthat of ES .cells
( Seandel Waile aost, oﬂ\ﬁwagrléurmﬂgneﬁé‘— B’BGP e oAaplenef; insyiRp differqnfjatien; &g
cells, which ) e #5tonfl stop Séii-dmivanhatCsyvrnouse
enbryos (Brou %&r&%n% 5ﬁ1¥%§,{%§2¢%§$ﬁ§b%5 %020057t n_igi,}ar at al..
Nat ur e 4B®li6ile 96+ pRODIMY by nRepyHRgERIFHISHY 25 1P ebé*‘r’?e to-form RSPl on
Factor s 4901121 SOBLE G4 0 REARERARTELk ayfinkl e at

( Takahashi anmana 126: 663-676 (200 Mb enbryo ic
fi brobl aslls (MWEﬁs))weamdera’din fromy teysiewpy wermalogenial 5&?"‘{3 r#ré%‘ and

pluri pOtcé% B a8 eﬁ%%i%n g%ﬁicr B EMGtonPMatOff BiCdetls (&&2@2}, et@ﬂ JW:ﬁureand

1(114 S were ca i nduced pl uri potent g} ‘%Eﬂ %?h
genet i c 4404635 (087)nhet S@Bﬂ@ﬂ‘l’ iEgis€acellnarhiethowere Spe 55? e grlag G al
for plurj gﬁ% GROL1RE 92305 160r ER6N4) ;

| vanona %Cg%ﬁ 0’%%@%2’% gsg 5@&1%%0% Masui at giﬁ)@?)YNat Cell Biol
9: 625- 63&@2@63’)96—198(2@@)»and K1f 4 may be di spensabl e (Nakagawa at

al ., Nat Biotechnol 26:191-106 (2008); Weming et al., Nature

448: 318- 324 (2008); Yu at a., Science 318: 1917-1920 (2007)). MAPC
[001731 An exenplary cell of the present invention has been

0
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| sol ation and G owh of MAPCs [00175] Prior to formng a
: ggr egat es,
MAPCs can be isolated and cul tured using nmethods discl osed hgrei n and

in U S Pate%%%?%g:inmg@@mﬁﬁﬁ%gggmat ed by reference herein
;orethlefe mét : f Ba itron, the density at which MAPCs
re cultured can vary from about 100, cel . t Qut /
to about [(P87F 00> ensfir §9¥?&§1fgeir%?%’i“ﬁe§ %B%%?‘i%at%@.laﬁa@f SlcEIJ E%ma 4ok]t"}’ts o
iﬁggi g(sal ICQA% 32%63 c57|@:{mmts)),2 ?@Qsﬁ&ﬁbﬂf&mbﬁb@ (MERs iahd adudtriibvabiagis esteneen
itionally, op nsi an va ependi
condi £ oRSSaRPe dy PEbR S e ool by ingrgp of N SR o B B Rt €
glrJ Iol ![ E?(ra yggm% wﬁgmanﬁ et @{dlrﬁeaq:;lﬁr(t)peteﬁmtémﬁbelldermﬁtwgdneuic expgiivents Bt  of
nditions and c S 0177 so, .effective i4 C
oxygen céyrodished £hato %‘go“]ﬂ’sl %"é‘g E{Tﬁiﬁeﬁt}%&%ﬂ fBWOt?nﬁKI@éﬁ% agoda? E@IB%
g ?Pf 2$eu?_@51,tg_@,;e A 507160 @004); Warohe ef 4.9 Wakid0hd2:GEQHEB 2K Masui et al,
nt i :
Nt Coll Bl 9:625-635 (2007)), e-myo and KIf4 may be dispensable (Nakagawa et al., Naf
Biotechnol 26:191-106 (2008); Weming et al., Nafure 448:318-324 (2008); Yu et al,, Science

318: 1917-1920 (2007)).

MAPC

[00173] An exemplary cell of the present invention has been designated “MAPC.” MAPC
is an acronym for “multipotent adult progenitor cell” (non-ES, non-EG, non-germ} that has
the capacity to differentiate into cell types of all three primitive germ layers (ectoderm,
mesoderm, and endoderm). Genes found in ES cells also have been found in MAPCs (e.g.,
telomerase, Oct 3/4, rex-1, rox-1, sox-2). Oct 3/4 (Oct3A in humans) appears to be specific
for ES and germ cells, MAPC represents a more primitive progenitor cell population than
MSC and demonstrates differentiation capability encompassing the epithelial, endothelial,
neural, myogenic, hematopoietic, osteogenic, hepatogenic, chondrogenic and adipogenic
lineages (Verfaillie, C.M., Trends Cell Biol 12:502-8, 2002, Jahagirdar et al., Bxp Hematol
29:543.56, 2001; Reyes and Verfaillie, Ann N ¥ Acad Sci 938:231-233, 2001; Jiang et al,,
Fxp Hematol 30896-904, 2002; and Jiang et al., Nature 418:41-9, 2002). MAPCs thus
emulate the broad biological plasticity characteristic of ES cells, while maintaining the other
characteristics that make non-embryonic stem cells appealing (e.g., normal karyotype and

does not form teratomas).

[00174] Human MAPCs are described in U.S. Patent 7,015,037 and Application No.
10/467,963, the contents of which are incorporated herein by reference for their description
of MAPCs. MAPCs have been identified in other mammals. MAPCs can be isolated from
multiple sources, including, but not limited to, bone marow, placenta, umbilical cord and

cord blood, muscle, brain, liver, spinal cord, blood and skin.
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[00178] In an enbodi nent specific for MAPCs, supplenents are cellular
factors or conponents that allow MAPCs to retain the ability to

differentiate into r@frdpcieages. This may be indicated by the
expressi on o = %ém% dgf the undifferentiated state. MAPCs,
for exanple, constitutively express Oct 3/4 t 3A) and .maintain
hi gh | ev9PEISHf Rriet tnforming asgregatay MARSs %ﬁ? tsalgﬁ%gnﬂg%%f&feg%i}?@’eﬁ%‘#‘%‘ﬁ are
wel I knoyn. | in((Bs PatentAOBER), vHich i§ @doP6ra©e Byl vfirade tickin dor
standard%‘{sﬁ%%%?%g@m@fl aCfélrjlture [00179] Cells may be cultured in

| ow ser utesomettodtim free culture nedium Serumfree nedi umused to
culture MAPCs is described in U S Patent 7,015,037. Many cells have
been gropide]) I8LuRidH, @R @hsityAnwaRk BAFEire caltuted co vary dmsegbouth 0

medi um i s _suppl ement ed w t h, one or. e owmt h, f.act R & used
gr owt h f@@ﬁlﬁﬁzts)fOiaH%‘%tda‘é?c\ﬁB}tﬁ?ﬁ ‘Qr"ﬂgmﬁc}{)ﬂ&f ?‘ﬁn?/é’ﬂ ’fn(%’}udﬁgr?g‘;u?n%? phogeni t)cs
prot ei n, ;aasiRof dak? asibogt eowhecilidatior Tholdatsey etn dayibetcbon sprrich

factor and epidermal growth factor. .See or e Pai.eqt
Nos. 7, TGHEA0y. 7Pges TSR cop % perp et ot o EETICR: i blyeps SACR.

6, 372, 21Q whind2fle §G0of fic ORFaily TAisab 10RERE thepRHE, dsity oy, BETnBEE and
4,657,866; all incorporated by reference herein for teaching grow ng
cells i ncugté‘ieﬁﬁ'%dﬂ”é‘%a‘ﬁ’éaﬁstjm [00180] Met hods of identifying and
subsequently separating differentiated cells fromtheir .

undi f f er @OL7#7pt etlso aiifa¢tive pamesphariznotyeerc gprcra@tionst ofhlpssréen Fheutnki™:
known in_the art. l,s \Y : fa d e OjsBllafidng I Rd¥ith a4l

usi ng rre’flﬁg‘ﬁlég oa%’mft%-sp/)"f‘ ectsagﬁ'%e iu%\?e%t ?%ﬁq%{éan%gﬁi éﬁgnti fied by

sel ect i vdiffsrentiatitnur i ng cel | s under conditions whereby differentiated
cells outnunber undifferentiated cells. Simlarly, differentiated

cel |'s cagopg) | denhi &hndimhe HREHEOLOJIARSs, ehatgeatsaned cehamalttesi ®t i cs
that are not present on their undirf[lf%gntti %t ed {1: u%@hp?ﬁrééeslneg h as
cel | si zeommpupnistibat ala AT S ogptamips Al it AFreg 33%1 ¢ e nedesit i on,
Al SO conkgmbAbe thadaRd WRtioaeredior cRsptdifiy madrediof filer wxtiferptdedcdttt.s by
their expression of specific cell-surf oy C r
r ecept orMARGY fr ﬂ‘ﬁ?ﬁ@nﬁﬁ”ﬁﬁ%ﬂvﬁﬁoﬂf‘%ﬁeﬁgé Ct%ﬁﬁéﬁ{nﬁaﬁ El }3 ?%slg‘gehs;%iﬁst
these ceklomsMtd aGeyEBIrk@nitorkgReltexpesibntac demb"mﬁ;ntut#ﬁ@igeﬁf?r%{?éd
cells. Detect,i OnB‘ﬁ‘P hhese C Ilds glago éoe achi eved t hrough fluorescence
act i vat e e coptorter IS5 55N % e- | i nked i mmunosor bent assay
(ELISA). Fromthe standpoint of transcriptional upregul ation of

speci fi cCdehdare di fferentiated cells often display | evels of gene
expression that are different fromundifferentiated cells.

Rever se- b Aap C it hﬁﬂ 1B QUIHPERY 18 36w-643dth Rr b@Ra fieo byltues mBIwPCReruabf® can
be used to nbnitor changes_ i.n_ gene, expr i j espon

di f f er ermpdins vigd typdre deg 39&@'8%%%89’%@?23%3 ge?%%%ﬁg B9y
al so canyhe, Us@hnl-Red (ab-sérin helifuli. eMtthintae toahédum jsO0dBdpented with

Accordingly, once differengiatedq cells are jdentif{.i t be
separ at eghefor g9ra e RRRIF-f TE%TF“@ { Hﬁeg&wé‘ﬁa]i‘] ﬁafggfsp%cr‘f%’, ﬁl?? rennggﬁénslfgegﬁ%. The

met hods Qfe H}Lﬁmﬁgefﬂicqg%%:‘%rbaﬁe&i?iobﬁd gedvaly I éac?hspdnt?ﬂdvﬁ@é gropstin fadfor @ﬁdSA
separation, such as . preferenti cul tur SA,
magnet i cepisierarl grawthc BRT-natseo i ?’??E‘P%of&g'ckaéeng%Oosd?’hle%g‘tkmg?i%oﬁgh b
present §gyenti g81LM1E SMY,a6% 6,312 10622408607 A0F7.1 1 | TROBLTEE, Y5, HeAP51;

H .
separat e5,§9e7':7|g§; 3?1?{%?6%7,%196; %ﬁ 'h!lcbﬁp‘érrﬁea %$ rggrgﬁc% %cein for teaching growing cells in

serum-free medinm.

(00180] Methods of identifying and subsequently separating differentiated cells from their

undifferentiated counterparts can be carried out by methods well known in the art. Cells that
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expression. Pharmaceutical Formul ati ons [00182] Any of the cells
produced by the nethods described herein can be used in the clinic to

L eal 3 AR ER ol L6Y @i ARGENRIB S ond ALELALAGR LN idbnificd by

phar I’TB.CGU% | ca conposi t efore, in certal n.e ment's, .t he

cel | s arslqtiedemulwingh pwsau@dgrrpmdlmr@nwaaalm Seffereyiat oF'3 Vi ket or
del i ver y—anrfd? enti RPY¥81:0! SAUSH), | dirrsQREE b8lsCoan A GaEHADbY mogfhiolpgisalt | ons

w il often er conprise ‘one or nore buffers (e.g., neut r al

buf f er edcleagds sl @mgwgmtereb@wreie@dm@wm@ﬁewﬁ%f HEAYrREsuthasy |

gl ucose, - AARANOSE 1tha3ééﬁl5fé§ﬁy of mgé't?éﬁtflﬁrlﬁ%anelfé%iﬂxﬁlﬁbn ms@tc@ht@ﬁplated are
pol ypept| es or amno aci'ds such

cine, antiaoxid
bact er i astthods, of thufifrivg ﬂ;gelag@@g:elmﬁheggzxgmn &f SPgH %ﬁfﬂ.ﬂ%ﬁ!& markers
adj uvant ¢ { & g. a?llewﬂoﬁs%ﬁi M EGR%ILERY profdlsUlBRocldddtantiiRiaite Egﬁ:hﬁthese

f or mul at 6n |so onlc tonic or weakly hypertonlc wi.th th

of a reciofliseritce nudspenel m@seég@ﬁfr@fy @ﬁ?ré%??ﬂﬁﬂka&é “&ﬁﬂ?‘?ﬁﬁ“ﬁs can’
preser Vaﬁé ‘é@fﬁeved[rﬂ%é?’]ﬂubfésc%&eactﬁﬁb&%mm aRldss @ﬁeemﬁsaﬂited

wi thin a conposition adapted for or suitable for free I%glﬁarmo%tt%r age.

[00184] dnumaseybeotrissei (EASA)- t Feonp dher 1igndpint ?fe“%’é?%"

admi ni st 11k SAAPAMIay IR of |gBneds: ﬁﬁsxc&mwdatermﬁ‘émnﬂt is
95% to 1{5%}‘ P?\nggélﬁg%gmt&péenents |%Hlaiys 85‘% tggDQX?/o Par.ti cul alrl!'élf&
bout

the casefrorh uadifferentisted selly t RevsTsprpnsigtion polymerassaia feactan O &
109%45% 3}%,‘(’)/%8?!% se@ DR aDY chamie 0% 39 sE5Ya rditHeskd UitforRBatibh)Whole

45% 50% 0% 70% 80% 800 90% or 90% 95% . ity
can be esepemeanalysis AsingpigroaEeY tedppl °@’cﬁ(§98|°% seha s “‘Efﬁé%éel“t‘%e#% 1%

undergone, for exanple, 10-20, 20-30, 30- 40 40-50 or nore cell

doubl i ngmo181| OstB&B:ngib,eoﬂw dhiRrontiadd ol b idamtifedgihge nan/be wpwatehfiome
determned b nd r.outin ion.
The perc‘@ﬂfﬁ‘éﬁe?“u?tﬁ‘gco *’P%‘gl’ﬁn CoOF eﬁ.h%/)%%g&ﬁ%%g Qgﬂ%ﬂ%ﬁﬁ%ﬁﬁ&;? B?g l's
can be dgéoareviduatetinds nmismatfm el FAQSc pudfereatial cdbeultgreaunthode BLERY | v
count ed manual a ongj S&khtion
cells ca’ﬁaﬂﬁ‘ﬁucdh%/agf S §8m| nfﬂgms %egﬁ%vmm&nﬁogﬁ\eapgygﬁ Il'e%e%gt a| ni ng and
vi sual eaoamngatesm we df BXCaud mmfﬁ!dnmm@s:eﬂﬁsbﬁﬁ@jf epecdlsurfpc

r eagent, %gl cally antibodies, fluorescent tags, and a fl uorescence
acti vat e"’d£ ¥ sorter. [00186] The choice of fornulation for

adm ni stering the cells for a given application will depend on a
vari ety HfarmizseutigalFornmlaligihent anong these will be the species of

subj ect, the nature of the disorder, dysfunction, or disease being
treated ROkt Kegtatie e pdjdsctedlbbuhe mathods ctekuabsijbqr@ntcan bhoseddn thee of
ot her ther api es and ent s hat ar e| ng tere mum
route fofdif MFdt3 SPPGH vFax?aﬁch &y VI a lﬁfglterﬁo&{o @y ?gﬁaéglg{cﬂg
regi men, co%ﬁudmﬁﬁﬁ"lelhefeﬁ:@é,m earﬂaimmbaﬂxhnbntaehmpaaremesqn@mth@@ecoglmﬂﬁw@d in

th t t t
and ot hetdeahipr gak sebe' B SSAPG 0l prebBEPaL ot Ay, | O
and the mpugzeommlm bifenfartter mme dgsmg’@rdwms (¢ HOom8 g} brpredselingire,

Il ter os AGNra
cel | - bacRtte Es S AP e Bire R mfiloch Mo bESMRD,
t her api egannAsipploetnscmipeptidenoi aeiso whdrsutnssgiycing %Té@méﬁés LSS abl e
B e R R

and/ or e o erapeltic c Var i ous_enbodi nents of
the i Nvefit @fdee drpbinadation dvtmizs hymtinicorewuesblydwpértosigr with, te bigod/ 62 t o

over come, pr.obl e, Ros e, R AL ShebsRuSRRbAgand/ or gr ot h.

[00183] In other embodiments, cells are present within a composition adapted for or

suitable for freezing or storage.
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[00188] Final formul ations of the aqueous suspension of cells/nmedium
will typically involve adjusting the ionic strength of the suspension

t 0 ' sot Ogmm] y IQ'ma%y em%Q&lh&EntQ thk JultyCrdhe adnd fbxoacﬁhmsu-aquow & albjepts

ou 5). The final fornulation al's
typl cal |§boebm0%ﬁ rinsztlxer embpdlmpaﬁlblaﬁ%% te 1070 o Sopp Bk é\&mwﬁ %ﬁogr%"s‘f’ be
tlo' er at f?s%’y P&B&ﬂ&fgﬂaﬁ t}lfz‘a%éfﬁf Alihxihd xrhﬂém!tﬁ 8ier @dﬂmélﬁlﬁ&efﬁagélﬁdnl&&bout
glycerol, gly mal t ose an P
mat eri al @%é%h %29'& Qg%ﬁﬁ%eﬁé%ﬁ’p%eé?% Rk @%@%ﬁl@/"a‘gﬁ/ %%’Sggeﬁ’l as
non- i bgdok by, 004- ém%@%-m@wo@hbm sgfaﬁumenﬁhﬂ@ ca@bd a@ﬁm aemal So
act as Iu r| cants. Such_ lubricants are gener zﬁﬂ @fqlgg;ﬁ]rscbve t he
i nj ect abtfcell goublingshgeestia qellsharp Budgisetse o8 PEHIE Q{ﬂ‘g Pre
bi onater%@rlecajd&lp& ggite of injection and to decrease the anount of

spi ki ng by nodi fyi ng the viscosity of the corrp03| tions. This final
formulation is [l n,the cells in
bhar tacclbTRhi (1% 2Bk ShFF i v v s coiaine py yell pwn and

subsequeghfint pdcadiré and mm&mgﬁ: '!Dl[e peichsinge ui]tmcteilsm mmmm of ar

preC|se pjace he site i ssue_def.ec
'i nj ect aBppIre g%‘?ﬁﬂé G?‘Flgeﬁf)t?%’i‘eg yo'ﬂuc ath ° e Prgceéiﬁrs?gedc ?Sg?nsgl?f% ?\d(f:;l s
havi ng acogbdfanElly Svbyasing an awciedticnel comhter cﬂlxémﬁc oalls camibaleterpuingdain

pressure Wltho t subst ant.] i Ki . i Kis

conposi t? @ﬁe"cﬁ"%ezgsufgr%’reﬁlbﬁé P i ?aagﬁawﬁg%%g’aﬁ%% o the

t i ssue. ‘Eﬁg spbdific pinding Yeagpitayeivalyt aniibelid] Seoresertt | togs Qﬂu@faﬁ&g@e( 200g
.D.) or %%ﬁ auge (150p. 1.D.) are desirable. The nmaxi num

partl cl eaCEYaf ThE ef:an be extruded through such needles will be a

conpl ex function of at |east the follow ng particle maxiju

di mensi dﬂolsphr fTihe Pevicesns dermulaien for pduangening heically for ap%‘fﬂfl.ﬂ&lﬂ@ﬂ?ﬂfldf%i ty,

surface f g t eﬁs‘ﬁm R didE! Px%mﬁféﬁ& dirﬁ)h?tt]ﬁga %ﬂpwﬂhs slibf:ife§6£ suﬂﬁct, the

artic

partlcle hesi on, he vi scoel asfic £ ertie
d

suspendinatyrd efitheldiserder #Hﬁ@n?tli’tﬂef’rdlf‘ms}” SenssBeri ﬁ@?cﬁné dlsﬁbbti‘o& n

spheri C%e éﬁ@?ﬁ’tsthé H&&%%@@ﬂeﬂ tRerdbiddamd @eﬁ@maﬁalwbangﬁamea@eﬁ, tHehaﬁtnﬁmﬂpl est
case,

brous or branched particles. in a visc "ﬁi |d are
li kel 'y tr@utbéor AGPiRISEHIB %WW&P’@M‘%‘F PHE: fﬁ%@?s%de%’%% 3’?"{ ?f""%’fs
conposi tyiAMg afffardnhioSthdse ¥ENéd lﬁi’dhef@ty Iﬁ)@arﬁﬁﬁﬂmi'ir@tbﬁﬁ s bltug:e&ﬁshmb’lﬂ
chl oride, or other phar rraQﬁH% acce 9% gﬁlaxg en of
dext r oseamiseang othen aéidm%??d'fl B cEnr ‘f%‘a"tﬁ 2 SST’@ “her
i norganltge}]gghcqragmagefsﬁi utes. Sodiumchloride is pref erred
particularly for buffers containi ng sodiumions. [00191] Viscosity of

the co if des G Refindie oF BE AR SCk 8- | evel
usi ng gplﬁ‘?}ﬁ irra?%‘ltfixf‘mﬁlls’lcﬁhggrglg%t a tug?‘h%eﬁ# ng 1zilger?t I?/bt hc?)l cel | ul ose
i s pref amseddhdgdausthis & tins fordmth Ibrynaa)nmde@mwefmcdhﬁmﬁsav%ﬂoﬂﬁw@c%d is
easy to wor | & &m&ﬂ%&hll‘]ﬁﬂs% imbedb
exanpl e, mcﬁrﬁlﬁnttar%eﬁ%g;%er éﬂ% c%wcel ose, Hydroxypr opgl1 b
cel lul os&cessiarﬂmmmpd/mmﬁmeritlw ofﬂﬂeapplrt@fceHSr erreneriedingts ghthet t he
thi ckenar .l ] co&%ﬁ? r]:ge g:@lf' Lura®l1 86460 oveimle PRMIBPbseRBY Nt 1S
to use an anoun | eve the selected viscosity. Viscous
conposi thanmsstas@dmg)anﬂéirlg;bm epar ed fromsolutions by the addition of
such thickening agents. [00192] A pharmaceutically-acceptable
preser Vg 6148) OFisf ahinhbaGh e RGuBMDRY@Eioh Ofi sy eakien Wik tjaméaﬁiy of
cel I/ medi umconpositions. If such preservatives ?r L %Lﬁiegl & IS
wel | involve adjusting the ionic strength of the suspension to 1sotonicity (1.e., abou 0 (.2) an

to physiological pH (i.e., about pH 6.8 to 7.5). The final formulation will also typically

contain a fluid lubricant, such as maltose, which must be tolerated by the body. Exemplary

Iubricant components include glycerol, glycogen, maltose and the like. Organic polymer base
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within the purview of the skilled artisan to select conpositions that
will not affect the viability or efficacy of the cells. [00193] Those

skilled in the ant 0 t he.: Bfnifah&n

conposi t PEIFEASHETH ﬁ%é’ethﬂg&c% F&d hRQEOEQ%ﬁ?g%QP%E&esem noagp?’obl em
t 0 t hose pakirdblyeshctinylatixk noliagén, andalphm’c m&éu@antﬁaﬁuqbrliu aps @z goppral)

can be.readi| Xt g{bgﬁ“@ﬁ%ﬂr@ie
experi me At g t?xmolfm'%nt\q}%? e%lbﬁl hg{@@%}ﬂ(x t%?l}dﬁ%ﬁﬂ%?%l%ﬁ us?ﬁg "Dt or mati on
provi ded tHeysité bitémjdemlao& m@pmshehecbmwuntmﬁsmlﬂeg b:e@oiiiéiﬂ@ the Wﬂl%‘é’ﬁ]@r ally
avail able in tenh SahitbeGhaRlR 04 iﬂgﬁ& ﬁ@a[l e

pr epar ed® WOS% ;%Irafi ng eJnggl sblyuti Eﬂii]izlggﬁi n pract ILH(IJ]I ng t ‘he
present hdvegalld aarrier.n t he required anmount of the appropriate soI vent

wi th various anmounts of the other ingredients, as desired. [00195] In

sone errb@ﬂwgntﬁae &8 ke sbRqlptyphatias ai rifbe R hefl D5 @MOn piamakall e

form su sol uti1 on, susfgenSi on, or enul sion. Pharﬁceuticl?l
f or mul at presise plavament et fhsr sifenple hei Geofiefeat| | The Vﬁi‘cé‘i‘-‘?‘i? e
aqueous ﬁ;%&isﬁoﬂnc%n%dd@h&e@ 08 SingdsHavih@ asgaﬁ@r asl Bjwesst Hbtuler normal
formul ati ons can be a sol vent or dispersi n? mi(fﬂﬁ r§i ontai ni n ﬂIor
exanpl e, conditions, uader | noemal ppresspE avishopt FHksa! SRIge | Pﬁ‘&ﬂgyafiﬂ f?“éf °

exanpl e, &ipissl 5:Dlo. oowﬁcﬂﬂ kReny ?u&gem%r thainlbamjateﬂeiiwaieiﬁéhﬁnmr@ﬂxs/mhse and

the |ike sui tabl e m x

t 0019 Th
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[00191] Viscosity of the compositions, if desired, can be maintained at the selected level

using a pharmaceutically-acceptable thickening agent. Methylcellulose is preferred because
it is readily and economically available and is easy to work with. Other suitable thickening
agents include, for example, xanthan gum, carboxymethyl cellulose, hydroxypropyl cellulose,
carbomer, and the like, The preferred concentration of the thickener will depend upon the
agent selected. The important point is to use an amouvnt, which will achieve the selected
viscosity. Viscous compositions are normally prepared from solutions by the addition of

such thickening agents.

[09192] A pharmaceutically-acceptable preservative or stabilizer can be employed to

increase the life of cell/medinm compositions. If such preservatives are included, it is well
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i N part soBethyleidlcol, endbe B, hd hiitable fixtaed thdeof. 1002021 Cert ai n
enbodi nment s |ncorporate cells into a polymer, such as a biopolymer or
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about 0.001 to about 20 wt %, preferably about 0.01 to about 10 wt %, and most preferably
abont 0.05 to ahout 5 wt %.

[00197] In some embodiments celis are encapsulated for administration, particularly where
encapsulation enhances the effectiveness of the therapy, or provides advantages in handling
and/or shelf life. Encapsulation in some embodiments where it increases the efficacy of cell
mediated immunosuppression may, as a result, also reduce the need for immunosuppressive

drug therapy.

[00198] Also, encapsulation in some embodiments provides a barrier {o a subject’s immune

system that may firther reduce a subject’s immune response to the cells (which generally are
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[00203] In the case of treating liver deficiency, in particular, the
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herein. [00209] It is .noted that human subjects are treated
generally |l onger than experinental animals; but, treatnent generally

has a | e@ﬁbbse]p r ﬁRﬁ’JJa&eOd}%‘eathg va&iehGhe T% B 15‘1111&1[&? tlf«':' c‘é@ﬁﬁ@ /261628 irfdd
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non- human pri mat | i ke, to determ ne appropriate doses for
hunmans. m@mw@,mwm@h@rtlm@ed on these considerations and taking
into account guidance provided by the present disclosure and the
prior arpowhd | enable the skilled artisan to do so wi thout undue
experinentation. [00210] Sui tabl e regi mens for initial adm nist rat I on

and furt s or..for s ntl ad t
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cited herein, and the knowlcdge in the art.

[00205] The dose of cells appropriate to be used in accordance with various embodiments
of the invention will depend on numerous factors. It may vary considerably for different
circumstances. The parameters that will determine optimal doses fo be administered for
primary and adjunctive therapy generally will include some or all of the following: the
disease being treated and its stage; the species of the subject, their health, gender, age,
weight, and metabolic rate; the subject’s immunocompetence; other therapies being
administered; and expected potential complications from the subject’s history or genotype.
The parameters may also include: whether the cells are syngeneic, autologous, allogeneic, or
xenogeneic; their potency (specific activity); the site and/or distribution that must be targeted
for the cells to be effective; and such characteristics of the site such as accessibility to cells
and/or engrafiment of cells. Additional parameters include co-administration with other
factors (such as growth factors and cytokines). The optimal dose in a given situation also
will take into consideration the way in which the cells are formulated, the way they are
administered, and the degree to which the cells will be localized at the target sites following
administration. Finally, the determination of optimal dosing necessarily will provide an
effective dose that is neither below the threshold of maximal beneficial effect nor above the

threshold where the deleterious effects associated with the dose outweighs the advantages of

the increased dose.

[00206] The optimal dose of cells for some embodiments will be in the range of doses used
for autologous, mononuclear bone marrow transplantation. For fairly pure preparations of
cells, optimal doses in various embodiments will range from 10* 0 10® cells/kg of recipient
mass per administration. In some embodiments the optimal dose per administration will be
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1002121 In sonme enbodi ments cells are adm nistered to a subject in
one dose. In others cells are adm nistered to a subject in a series
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{00211] The dose, frequency, and duration of treatment will depend on many factors,
including the nature of the disease, the subject, and other therapies that may be administered.

Accordingly, a wide variety of regimens may be used to administer the cells/medium.
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[00216] The invention further provides differentiated cells obtained
fromthe cells described above, wherei n the progeny cell may be a
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and net FIC di seases affecting the

1
[ 00220] teapfess, by madeayith fé}fffff:w&eﬁw%ﬁf@er‘eﬂ% Blﬁ%‘ng 8‘?‘?“ 5%?@3%1’153%2ﬁ s,

can be Ug§gghdtd,eBPRA%ISs Eéiﬂe&fr&ﬁﬂtﬁb a%@iégzdé fF\&ﬁleﬂ;lblﬁn'ﬁal @des Odserttich delowel |
types in VIVO or  In vitr

udi n
hemrat opoigeipdo B d@vo ‘ﬁ&ﬁ&‘% 'léer?”é‘Plg‘% aﬁﬁegﬁt&i ﬂldgg‘ﬁrhlgre&ﬁé Sees s and
the |iKefonl Igﬁ é‘g@ﬂekz&es}?d’s \ﬁdllf dsedifitdtatee ghrogenyt of tageggwga@emyi diferantiaedused
to treat a disease of t ints or ¢
li mited Regeny gf F‘fulséiﬁ’é"eldef&i“i %ec?&gffweaggj‘kdﬁke e:ﬁl" “Hal “e@ﬁ&“’ us?f" %2#? ﬁhr%?.t is.
Mor eover gifiéBiRiatee!| bﬁ:géﬁy, tlhfﬂﬁlfse dibf eﬂ_he;nt gwet aefte0$d ethideaptogpryogenyivean be
used to aneliorate avin eteri ef.f
i ncl udi rid/ndi fS’[‘i’f‘t‘aFFéitcg]II lﬂ"i‘yt th{;)\ ‘%&ﬂ?’ﬁ{éi’ ﬂ?ttcaé%%%er %gﬁ?ﬁfot@?b&%ﬁ&ﬂ
fractur q@@@@t ReRss R Eiofdnf, mnhﬁbﬁ&&damy,bmom trephigety. t unmor s
spreading to Nine such as Prostate, breast, multiple myeloma, and the

l:;/'t( gl dne@gﬁéé ng%%egge i E%%g?g&f%%rhg%%%g?gsto M%ﬁ%ﬁ%‘gr of

| i neageshe inthekedidé Mifferdntiate e ol at, lest wae iddfeyentifted edll typo ol meswlgatalml
phenot ype of neproect ode me I b
ol i goderﬂf Etﬁ%leelgai aath & ﬁ%‘?ﬁ“s r)% il 2?;10 4 “car tt%% %lcleénlg}1 d@ak' rraﬁf cglﬁagn o%oy pe.

These include osteobl asts, chondrobl ast s, adi pocyte, cartilage and
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[ 00224] Adi pocvtes: Cells that have been induced to differentiate to
form adi pocytes can be used in resculpting for reconstructive or

cosnetic.su t ction
Srter e o g Rbleds I of el At POUES shurcB e ATpo R RRRLLCL |
such as huABs skemmVeblefhl mdié;esmbathenmcle,hcmﬂac bmmten@nﬂgahﬂnﬁﬁthﬁhﬁ# and

reductiop of winkles. _Treatme T ! di abetes is al so

appl i cabF@“at‘??ﬂ}eB%éﬁl u‘foﬂﬂé’r%légf’&??drac%ea%éﬁa So provide an effectl ve in
vitro nodel systemfor the study of fat regulation. 1002

Fi br obl afi0216] Fi Breobivesivs e visevides ofifferprsiated | qels okisinsd ff%% § &flscel |
t her apy SE&er Dhadih&yRl BMbElest,
connect i gésmfbfé gﬁtg(e’sﬁﬁ)&&ﬁ e %rgéﬁwélﬁsca?@gbgﬁgér?%% ci;iolEsJ n’ey?lr ¢ sur gije y.
[ 00226] ﬁkmvetsabmaxwgdbtel m@esld, smpefhtmseloecartisnmpils, adpefjaly gpithelia

di fferen Idg%r%e,t b Pl %Erﬁétﬁﬁ t?drt]xc,méﬁ&l' €nefiBhd1S of Alighntiosds fanl. cetile

t her apy Brotissue regair nment of Duchenne rrus](ful ar

dyst r ophyiffeBatizkedr progesy (el rmaty b F(ﬂﬂﬂyeplth?}lﬁi 6l divas, st el chanpTedsy
myopat hy a1, 'paRadat cRdeghetal ghetium
damage. pdtggg‘]]%ﬁp Bﬁeﬁy%dgg%g%ﬂ%ﬁ%t%hat have been induced to

di ffer encallaklélewplﬂnhumSﬂb@ﬁﬂﬂ%’d@’éﬁbﬁsﬁ’éﬁ%S‘E"éﬁ‘“be used for cell
therapy or tissue repair in the treatnent of devel opnental

abnor nel johd G5 Ofhe BB @A RirMekd pdbeny Yo Bifused tcdormast a@mp Hixgrsa|
atresia, intestinal atresia, ang, i ntussuscepti on %n equ %gg%rﬁé}t of
tissues dqeensrabixyfiseass, GaEHOVBRGHIAT dishc, mefaoght tiprags, figeept JHT

nuscl e Cgldafe $Rfesd! SthePablHRustDo lpfoadaegm@va-mtaenmaaalrktmn&ttnpmtcttﬁ on,

neovascul ari zatl on, air of ves am

at her oscPpertal ‘S?asearﬁﬁyme %8 ﬁ?ﬁdlﬁl ﬁ%dléa?ﬁsrsg%ggng%?ngh?ms angi al-
cells) cam fe Hé&ﬂidzeﬂsfoa@km rgra\fmﬁgr@dr’pmﬂd srirgary glmmemdlabe nHEéétas@@nQ?r for
cell thera or tlss re en ra i h th

muscl e plEE eparl r nsa t he

di st al Cma‘dﬁuﬂ& o, tuubl,;ir&duﬁé hpmmt lagiam[metw @Hs an@;d:é@d 1{!@@2%81] or post

Car di omvoc tes rd' 0"‘41‘5?0%1% iyt Qs%d‘a{?sga Hﬁéutﬁ% Imdtfmaéﬁ.{ﬁ}ﬂle% il SSue
repair f ti's Anaged nmyocar di al

infarcti mvenymfaq:ajmm tfrbmo:hemmhdmap@r@m g@mﬂpw élem It tr@ﬁilqntl?%can% R Hg

val ve re 0 ) O THef 344 o3& for oM
car di onyg E‘E Fe M Orlm%lﬁﬁodg O%dugf%ggqf r og }ejaltl ef M crogli al
cells camaba.mm«iﬂbmnfepmdsﬁswil cord injuries and neurodegenerati ve
di sorders, such as Huntington's di sease, Parkinson's disease,

mul ti pl e@ﬁﬁ's}?f Wl DretidNde AH 85 HRRA totredi A% canshd by hinoreSotliee Phérigs bm:f
ti ssues danaged during i nfectious di sease affe g%aﬂﬁgf % entr
a

ner vous WSIIHEW tvmeneRglingh diseesp (cavsph by 2Rl 075‘81'9 gyneg‘i @red

to produgig,gy foahdphM$ SR8 kgiih pightsaskal OF transpl antation for the
treatment of infectious disease in the central nervous system where

access i e to the bloo t i al so
be used E’BZ%POE@E édlér?fv&ﬂw ok ?Ss&jm&%dafro V\F% P f can%e u% d ﬁ%ﬁ%ﬁﬁ?%r
regener agikdakes @ﬁcmefgymttnos medafd; myo@tchw eardlasxmpaﬁ:ané@qlfeth@@ defnage

gmjt :c 8|r eﬁ:az;gflgﬁé g%hsagﬁ&% eosp q at}w ésg%%mls Sa(ﬁh ﬁéa?:%ﬁrc dfs@tglctl?(fna*rﬂeypﬁs%c er,

can be used to treat a disease mvolvmc CNS deficits or damage Further the stem cell, or its

neuronally differentiated progeny cell, can be used to freata disease involving neural deficits
or degeneration including, but not limited to, stroke, Alzheimer’s disease, Parkinson’s
disease, Huntington’s diseass, AIDS-associated dementia, spinal cord injury, and metabolic

diseases affecting the brain or other nervous tissue.

39



1002301 Stromal Stromal cells can be used as transplant cells for
post - chenot her apy bone marrow repl acenment and bone nmarrow
transplantation Endot el ial End | n be
used in (4p&2Q, g‘fqﬁé’ﬁ&eﬁﬂfﬁéﬁ’?{%’? Rﬁﬁcily’a'é% 8 f’t@%a; gfs’cf:afl lbgusrﬁo?uéué'm%fa
angi ogen@gigow R indiRtastidipdtioat deld fypedn oL bEbilv&i’o me]uﬂrsg (bahloalusmed
provide an Sinvitro npdel for . su res g

i nhi bi t of% hemlorgistip o¢lls, preregiic tl‘# B"ﬁ‘b&%ﬁ es a %IHI%]&Q TR 6
hyper sengisteietiidted eutila@Ofggenit dadbe chsalOfocteems a dis%ﬁ 32 JtheHe st @rpaitddze.c

cells: Hematopaqieti Isc e used tq re pU rrow
after hi uﬁ’é‘gg’“ ﬁr’ﬂ?‘ﬁ‘ifx’awﬂ 5512 f‘%ettplgm %Ia &géeg?]il&vng%bﬁaom t’he
cells of tHeraals&gg{eeg&feeanﬁaﬂd exeoblust plogeny dhd Baaxsemtoraatehmtatcapfogrrssrhmrmod

cells to he stor i n bl ood, hs, al | eyi e

limted é%ﬁﬁ?‘g‘}s &?fgﬁr (?GdL‘THBrqu‘Ii%-fbﬂgrn%émﬁf%é‘g ﬁ@%é’cﬁgog‘{ee?nﬁé
cell's: Mugdnaes, bﬂéoaﬂMtisS“iﬁhﬁ’lhboms&dsdby tbmaatspmdmg&dr bipe sethizppasittes and
neur odeggner at order uch as Huntington's di sease,

Par ki nso %St&?‘@t@i"s’aye cf)q‘eéﬁ(ftl erosis, and Al zheimer's di sease, as
wel | as repair of tissues damaged during infectious di sease affecting
t he cent [08221hertsingspspptiangowhdrctys, piaarmog@rzq, andiayipkins, Gebls pandyg induced

genet | call yeal LEfed s RLORNE B AbOLInlA%nE At GldfieDeviseBMbelcats of

transpl ant treat nent i ous sease in the
central mesdows! Elgpsmm wllsraf ngwreestpdermsl PhWWEQj(gBEieceﬂ% ofigrdepdrgytisbr ai n

bat her. Qi n%hmﬁsﬁ cglﬁ;rbf %%xﬁ)ﬁerﬂgl Sfpk O TREO SHéfe Qit&%ﬁs,fcﬁ&ﬁﬁbﬁst@ r

grow h factor 1 tors for redeneration of nerve tissuye a&
stroke, ahpmm@aga@nééo@r skl mprcée sepeth gupde, cardipe spdpicedatisligy 5|

scl erosi g %&%aefi‘;fcﬁétfacaﬁ”&%aléﬁs Wekdna BRI, Bd dpfRiARIRd. | Oon after spinal
cord inj ur s induted to formoli godendr oeytes and ast rocytes,

Spec ol IE2hi seoblst Colatas bR Giteet B FeT Ry Bap copahs A

sSur r oundpdgsed &k \CEll $heTrdp§Sd#€fBl: tishtiereg@ictatiorn s ost@porokie Ragetd disgaebéne

repl acengnt therapy .and/ ene t Lo tr Lt a .
neur odeg W@F%tqsvg‘gﬁﬁ geroggﬁorsls’s?cg?‘ﬁgéé):xa s 878 anesrg 3@%8%%&’ #‘%?dltary
i nst ancemumplleopabcymisphamwxpm s, epliphydenldy sdysplpdia, es Mgfanlsoi dsyadspipe,

| eul codystro van' s |se Si osi s,
Ni emann- @F%?E&yégﬁlff‘ ?cf]“lﬁ’p%euéo Pgﬁgs%mgf‘gs? rqur?s@%gg% ?#a{béa%%fc hs.
They canméfsmativas, umadbfﬁdar héemizcrivhiae or fdied werthbras, lmoashe&tr?c@wct@ms

bl eedi ng,,.and T8, Sepders
Such. as sTTee g B g [BhnsRiEhRIRE oS Kol R Bk SO DE Y
-such as retinal det achrrent macul ar de(glener atr on . and ,oth

degener al223] r &howdsocyesss Splisdbat havs fepndndypsip é‘%@?ﬂ%ﬁ?éﬁ?wm’[‘% 5941%)

Ect oder n&hdb%msw fricah tEe?ApBrsor 1Rk [rSgeh@itioRtin UG e Ebldtdl FiSdates o pij@Re,mant
t herapy an

ene therapy to treat or alleviate e of, skin
di sor der oELER teggnmmf‘@p@erl @Pw@krﬁﬁeﬂa?ér%&%”%ﬂwf%i %ﬁﬁf@b‘ﬁ’ﬁﬂ% arthrify
al bi ni SMkeiper Qﬁ%ﬁél wlEOSRARLIR, CembhisNBlehsd al@lobiag s ﬂirlh@,l drs&balﬁﬁihk s can
be used in cell replacenent therapy and/or g n‘%ﬁgﬂe to treat or

al | evi atECFFSHERATESTY SdRqOlr Br GRS BL e TESHTECBE used

to treat é,pg'eqadflﬂg\eh@&@c%awm tal liver disorders, for exanple,
st or age sorders such as nucopolysaccharrdosrs Ieukodystrophies

Gwe gangl . 0sjdosis; inc | rub | e
Crigler- L 5‘3%@%"8 ‘Ef’l“% d %%saﬁeg 1&3&0 | ﬁ% ﬁcgtgr ors of
the ur eabeparsed & reioarpungr sdramasuamvb ok n&nﬂé@ axrmyma:s’eagjlmt neti lgmited fo,

citm i ma, and ar 0S crnrc |du i.nborn 0
acids an 3%?‘6‘&15‘?@“3@?%@ %:F?“ﬁ’sregﬁglﬁy T%%P%tr? il feasul? ﬂéogﬂeeg "?%r’sgﬁclﬂ
t yr 0Si Negy @moRehoddl Fad thafhdet or \iasd, brede fangrhetedipy, i dedpotiogudfaringles.

di sorders such as factor VIII and I X deficiency. The cells can al so
be used to treat acquired liver disorders that result fromviral
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[00237] Cells can be used to produce tissues or organs for
transpl antation. Oberpenning et al. (Nature Biotechnol ogy 17:149-155
(1999)) reporte he . f.0 t.i . q I WMn il
nuscl e ciﬁ?@lefltro r#ﬂ’%% d@)ii{%rl{; a(c;gr25 a?@ﬁ?ﬂgo‘%#g‘g%tg%){hg%ﬁh ni ng%cl;eﬁlg@%r om
t he i nt esff@tivedh: virtvenaialysien ir dddedy offatopslatiog sheets of tissue from
these cultures, and coating a snmall polymer sphere with nuscle cells
on the Olthslsfe MRLLLL AR RiPA £GR 1 ean BOGscARbCiA Meitpy e
i nserted*i’n urinary system where it began to function as a
bl adder . tigsi iephin o progroteawound Sepling  to grovidegmrmegtivel 4sgirosuppoth SEdY $ed
the pr Od&&ﬁ%fjflﬁ’:ﬂ of CJ’S%%%E’?%‘W vascul ar graft material fromcultured

e and ‘endot he

snoot h nusc iI'al cells. Qther methods for fonning tissue
| ayers fromcultured. cells are known to.those of.skill in t rt
(o0 °1 olo0Eienmsikeleialmuseit [Col oo hoon 3 indired o g irishogs Bt
1002381 fiadld ffis RE BOSER ML 54T inbegly Betigud repaivtio Hiagesatnentbf Doeemiec, or
xenogenei ¢ cells can be admnistered to a patigent,. ei rin

di f f er enPrspaydEHoR Y BFFRET @ﬁi‘:?l’zf “PE}}YWP‘YE,@W&H?’%&"P’% Sgﬁq‘%q@r%%i’l%‘%m

unal t er eghd rQ¥nRhuéBe su @y @Ckpaatkdl@alamistls 8antagsi t €, systemically, on or
around the surface of an acceptable matrix, or in conbination with a

phar maceyt.i.cal l.y- agcept abl reher., Mo VSt i

D111 or ortOPT orsisliia R G il e beb et Wl B A iony
usi ng t heuekgekoands veed fortdlshalgryior dssub ropair iththe ingyfmeny af developmental
characterize cel |l nlar r I I h GRkagl nts

i nvol vi naé’nwg%eéto?r%% %ﬁ%@gﬁg%ﬁ&%%ﬁg%ﬁeﬁ%ﬁﬁﬁﬁg| C O%i%u%ﬁ@,
phannac cdndgntssaspepticn, and repdesemértt yafnigssem cafior swigers foe bpwtlainfardiopoises
to the on I [ i I Wslal : S may
T B e S e

met abol i mnyasguaieatbmprepaiselotessely demiged by, foraramplpeatherdeglerosther 20eHyH-ar e
useful, %rgb%{hegl%c?% giegﬁrso‘? 169.0 gﬁé@ﬁﬂgﬁﬂ tcigllss esd B GsNE A eN}itb hé¥@i for

differentiation tors. 401 "°Cel I's”of the present invention are
usef ul falomdrgar dissrses exfonpadlibarapy OT Heve reamemiemin drbsicasywpathy, Smapth)

Rul ey etyalle o MRASEAOAERE usddQl rBXinmRb S IRRVE tEEAAIBRAKAGIIorand
met hods For i nhi I'ting expression of specific genes, as well as

obt ai ni rgxtdhemp a¥kiences of those inhibited genes. Cells of the
present invention can be treated with the vectors such as those
descri bgooky Rdaiomyobitah Jartiunbiotytésivan e &8 cahthehpygetiesie rdpair fwan be

identified by DNA sequen nal ysis The. cells .can.then ' dto
i 11 er erfepiRRbedh oot GrRpTdR T o e Tyl P SRR B e
be char ae#re fiimeg dufifp0edi] replatemernt] bplcongehited heart 4@ORliesSdr ©Hdtinz] 569) )
denonst ratded 1%'3‘5;‘ exan%l e..that normal human epithelial fibroblast
cell's cARPEYPRARIESD BB T go tunori geni ¢ conversion when a

conbi nation of genes, previously correlated with cancer, were

i nt r odud@e29Int Mierhgliak cellss I‘rﬁcroqh@%@@]cal!:bﬁﬂiﬁﬂ togfeatyepinsl ep iy8dssHdusi ng
vectors GOBLALAKRG, | AMNEEDLEn Y RRRRAAN BERENMAGREDY lileso AmiiBpis00

for stud1y| ng -t effects of certain gene products upon cel] ,

di f f er erstlemsis,ond Alghindrls| diseesgprseall amnrerajis elctipues damagsd Wirineolofertis of
skill iy i PneVodk GfRudn®. MG BA0%A0BAT bALURED LenegXIyEM
descr i be"iéf*%g aﬁ%‘t’“é‘?qff’%r%c. Ratyo Mitoefgl o USA 93: 3346- 3351
(1996). altered to produce cytokines can also be used for transplantation for the treatment of

infectious disease in the central nervous system where access is limited due to the blood-brain
barrier. Glial cells can also be used to produce growth factors or growth factor inhibitors for
regeneration of nerve tissue after stroke, as a consequence of multiple sclerosis, amylotropic

Tateral sclerosis, and brain cancer, and for regeneration after spinal cord injury.
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[00243] Cells can be used to study the effects of specific genetic
al terations, toxic substances, chenotherapeutic agents, or other

agents Oﬂ]ﬂ%;bi ‘ f@’_ né@ma?%?l?%% uselllas §h&%pﬁﬁ{| B 18r JoSiCiRErh Stk EpyYK NOWN

to those' o e art ow nmass culture of hundreds of
t hous andisone inaceivirepdasempéns andrhonrmefto anentantatiggi vi dual s, provi ding an
opportunity to performrapid screening of conpounds suspected to be,

for exa §’31 t fRLAGIBN bAIsO EniditAERIE can| K024dHn tEé) trehetl Wf Bgptor VIII
devel opnent aI] pat hways, cells can be treated w E B)fﬁl fi %ﬁ?%
factors, dqfryxem #pdsto Rﬁ‘PduBft PREfOZENs A {Y nePYf’é‘F“Eﬂi’rzﬁ ’%“f? %c?e e geni ¢
chen cal ovifhd & VA m&deP Rr Ritrod QpBledstonlubiig B@Bgﬁmeﬂlhlbﬁ?tbz@,gis wellhossirand
vectors known 1n the art. Furthernore, cells c%n{sbe al tered using

ant i senswire eeA SraasPIde, ppersaositrity apf eereplataodistEesnt r oduced into t he
cell to alter expression of native gene sequences. Signal peptide
sequencemozRpr I-B@fzi&tﬁibbﬁhc e@@ tfecmm@deﬁoocauatcammmeeddtesr:poenlatpem betgs or

"t oaucPREpeRy Rt et cheam PRk Rl ty R RG] A, ST P o
descr i begbglyatRehmnde fﬁtheﬁﬂlfﬁcrehﬁhtdﬂatbdbm Blood ecllntol tmgstordd :revlgodgbgﬂm,

1998 ! t duct that
( ). %F:}ng @rﬁlﬂ? fi mtq:%f) &Bﬁgﬁ %og%‘an PRt ei n produc a

can be i I a an ranslocated across the
cell menbrane to the interior of the cell, Any nunber of proteins can

be used [00238hi Nenroaetedermal celist dficiogiel clls cen i’ééiedd? rgah 8pina CRFELRIRTSt i n

upon the_di hAbLEIPR
dgscrl bed nﬁﬁgig%h%bé &EEHI&)JIS(' EN‘%ﬁS%gLIBl e% ﬁfs@&%%@%nsiﬂiﬁ&&(ﬁ%%g;ﬁdcan be

used to dclcrﬂhlSI trd Alahgiaer's/difoass, ?ﬁrﬁ?leWGE@ZQf tigues demaged;drng i n

for i rrpocﬁ%agen&ffécaﬂgeme Qdtral La%ﬁfibst&sl mcr&gm &S %abaa@eﬁfeeﬁ ipGdtibaty
engi neere I ntroduction of foreign DNA or %(og % encin 0(%r

exci si ngalfg@ﬁdmmvd})mcytpbnﬁr@mﬂ%@ bR steérf@ﬁﬂlﬁ%s@’{é‘ﬂta%‘g’i frepige
def ect i Vier.DRGOBEMLRE I coftthEhericls §yRSh WHRR 26ddh a6 Ll he T B8 bipatwahi al

chenot herapeutic agents or gene therapy vectors. Ki % ’,“{%QQJ gel S
can be dqamﬁrd%lal Pq%lsré?rt?éso%%ﬂ%%ﬁ%ﬁrﬁ%fﬂ&%&{ﬁ%ﬁ%ﬁ B T
exanpl e, refibshSorCFheRS nﬁkﬁ@é(ftdi‘Qﬁokasasfarc@ﬂse@eﬁiﬂﬁlﬁﬁﬂupwsamﬂi@ﬁmn@dbhbym
separ at egg/ Eackaged appropriate factors and aﬂ% y afﬁog({ew ously
descr i bdeIRBIeETRIS, P bre PAGTeas LS R PESHEATPAEY SPHRLGOST "R

aggr egatigdckdioltbieh ¢HaeddniERdRhdksatoytds Abexa@lj dah beraded for raesplantdtel y

Dk g0 Cegeiaied fis3hes, Sopbciay”Hpiohs Eird SHER' 1) ' 68056 ho

surrounding nervous tissues. The cells also can be nsed in cell replacement therapy and/or

gene therapy to treat congenital neurodegenerative disorders or storage disorders such as, for
instance, mucopolysaccharidosis, leukodystrophies (globoid-cell leukodystrophy, Canavan'’s
disease), fucosidosis, GM2 gangliosidosis, Niemann-Pick, Sanfilippo syndrome, Wolman'’s
disease, and Tay Sachs. They can also be used for fraumatic disorders such as stroke, CNS
bleeding, and CNS trauma; for peripheral nervous system disorders such as spinal cord injury
or syringomyelia; for retinal disorders such as retinal detachment, macular degeneration and

other degenerative retinal disorders, and diabetic retinopathy.

[00234] Betodermal epithelial cells: Cells can be used in cell replacement therapy and/or
gene therapy to treat or alleviate symptoms of skin disorders such as alopecia, skin defects

such as burn wounds, and albinism.
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Differentiation to Hepatic Phenotypes [002471 The invention is also
specifically directed to nethods for culturing cells so that the

cells ar Eeobgﬂ“%&%&&ngﬂ é;tﬁé]ﬁ!:tcélﬁt eEc%/ﬂEl%l cals! csantﬂlaﬁse@)ﬁpf:ﬁﬁ&pﬁcement
hepat ocyte te progenitor phenotype. Mr

parti cul dtetapy atdier genw étappio trest at elteviats syapieny of Peverat greey fﬁﬁ*@%c@hq s so
that the @F lelr:;.agld3.7reeusleﬁ|11 %‘Er%&oc{roau%ité %F%eta@th@erl &ﬁd?de?se'fJ)rSeM@E ﬁ&@é@ss a

definitiV er ma héen r-comm-:t endoder nal
phenot yp dl,sorderh syThtas lnhaspolspmmldym leukotystahias &l‘jﬂ éanﬁh@ﬁ@ﬁlﬁﬂ pacreapei

| nventl Ofkbittirert, fof Hsfiled i (et Naﬁgaéa%agqmmma RRorE, ROGHS:s Gibokhe

i nventi off: “ffie ce are use thér things, for_treat rrednt of
liver debiras ef\thy urdawdc, fveinsfsk iomithine denathexyless dlefiGigney, citglisemay an

studi es, Onasuﬁcelnlg ”Ecﬁ ofn %%ﬁr bp%%ﬂo aE ﬁ;r/ ay§0§ljg§301c&&ds such as

i ncor por ’re erence for teaching these nmethods. Specific
cul ture plongkétpons, m@;tarmyroammgd alphaljapfitypein defiqiaar: fgd GoATRIaTRy

st at ement.s éaea Qirddat e
ooy i ALl Ui ALl o Lo i
cul t uri nijver elidoslewsi thit o ‘n@l mfeep@rBaB‘bﬁtcelsO@nneg?D e ped nd"about

(]:-gl Pg/ l)plapgaglgan %chlas&Q%bMt%n éﬁ%m ﬂv%r tct)) producd g&gﬁiﬂﬁ)ﬁ fedidrt Wid B0 t he

gL to ‘about 100 ne about
5 ng/ m pxodxs;b@mtemoc@ engjoiea [zerpRdbeg; by liver epithelipmy Tt erithelial fq ﬁgaﬁﬂfé’ el | s

o about 1B b A aey ReBgy Bk gud oy K Mw@ﬂ}f‘;‘iﬁ%‘é‘w vl . eFBD:
)%

and disqrdeys, swéres bilipxy pirrhesis ppeebikiasy %@S%fT@teéﬁh cﬁﬁalé% sedM e
t o about e%oer f&‘.ﬂ%@l Zpyaﬂﬂ/ oR ReHt therbhye/ tieht 6r0aIBh@tBTsyrﬂlpt9ﬁQo eatic

Folllstatln

The met hod of st at enent cel |
are cul t disaders, nsushefs (PAYCTGAEE NAEHRBUPASTTRH Wﬁ’%a %&5@6135&@@% >
mg/ . AC&éﬁﬂeﬁe%r F&&Q@%@ﬂa&ea@@nmmo&daé nékACETRAL bd madshitstes téve

cells are cultured in step
nerd BNMPEe generated. These cells can bg uzed\egr ﬂp tﬁerapy of :5 bgys/{sﬂbcagng;usaﬁglagtbto W S0

or intra-pancreas or intra-liver implantation. Further, the epithelial cells can also be used in

cell replacement therapy and/or gene therapy to treat or alleviate symptoms of gut epithelivm

disorders such as gut atresia, inflammatory bowel disorders, bowel infarcts, and bowel

resection.

[00236] Cells Are Useful For Tissue Repair: Cells can also be used for tissue repair. Cells
can be implanted into bone to enhance the repair process, to reinforce weakened bone, or to

resurface joints. Chondrocytes can be injected inte joints to resurface joint cartilage. Caplan
et al. (U. S. Patent No. 5,855,619) describe a biomatrix implant icluding a contracted gel
matrix into which mesenchymal stem cells have been incorporated. The implant is designed
for repair of a tissue defect, especially for injury fo tendon, ligament, meniscus, or muscle.
Cartilage, for example, can be formed by the addition of chondrocytes in the immediate area
around a porous, 3-dimensional scaffold made, for example, of collagen, synthetic
polyglycolic acid fibers, or synthetic polylactic fibers. The inventors have shown that cells of
the present invention differentiate to form chondrocytes, for example, which can be deposited
in and around a collagen, synthetic polyglycolic, or synthetic polylactic or other scaffold

material to provide an implant to facilitate tissue repair.
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[002511 4. The nethod of statement 1, wherein the cells are cultured
in step (c) with about 50 ng/ral aFG-, about 10 ng/m FGF4 and about

25 ng/mM FG=8b. [00252] t hod of
cel |'s ar D02t lﬁeélélcqq'beélﬁ@ﬁ" @9%”@%%%3@% hws”ﬁ?ﬁ% %er 5 tg‘hioo
O er ot B e ot brade ohanol yne.. camr i
e
(a) cul t eltprgg ppwlecs]ly go%ﬁtaﬁxﬁf%ﬁh B%%ﬁg‘?%‘?‘{ﬁ%%%ﬁﬁﬁ" abou’tnke%lg ng/ m

ACti Vi NAge canine blaBder,! R8Rrie shddtsi P0G 16| thee Qflltl.ﬁés adnting thsrabout
10 ng/m bBEGF and aboﬂsulfJe SOglnem BVE epnc( ()tmg

cel |'s of palyress sphsye with musplotrls 89 th?g?‘qﬂdeéﬁéﬁim“éﬁ%]ﬁ ‘/5 gﬁ'ﬁ?}eand

about 25;ng/mod uEQFeaQntoad’lﬁog s urinary ﬁkbstehaheifhm@u’c b&gﬁn m:gfmtnb’é:ncsl a $ladderst ep
(c) with about 20 ng

The st ar Nichgsaeet 3«0 it @55 FHR00: roboren B atoping™ R R E deselit 20
Subsequegbf alaRRA Hod cu‘ltm(e@ bmEAR mPgcecting enddeelia chsI (hthdeﬂaﬂmds fwéormmg

endoder nal henot - d
phenot yp@suéﬁﬁ%@ﬁfmﬁ%géﬁ%g% tt?“"r oﬂs%@?%‘%‘@irf 912% % et drample,

Vacanti et al., U. 8. Patent No. 5,855,610,

[00238] For the purposes described herein, antologous, allogeneic, or xenogeneic cells can
be administered to a patient, either in differentiated or undifferentiated form, genelically
altered or unaltered, by direct injection to a tissue site, systemically, on or around the surface

of an acceptable matrix, or in combination with a pharmaceutically-acceptable carrier.

Model System for Studying Differentiation Pathways

[00239] The invention provides a method of using the aggregates or cells derived from the
aggregates to characterize cellular responses to biologic or pharmacologic agents involving
contacting the cells with one or mote biologic or pharmacologic agents and identifying one or
more cellular responses to the one or more biclogic or pharmacologic agents. Such agents
may have various activitics. They could affect differentiation, metabolism, gene expression,
viability, and the like. The cells are useful, therefore, for e.g., toxicity testing and identifying

differentiation factors.

[00240] Cells of the present invention are useful for further research into developmental
processes, as well. Ruley et al. (WO 58/40468), for example, have described vectors and
methods for inhibiting expression of specific genes, as well as obtaining the DNA sequences
of those inhibited genes. Cells of the present invention can be treated with the vectors such
as those described by Ruley, which inhibit the expression of genes that can be identified by
DNA sequence analysis. The cells can then be induced to differentiate and the effects of the

altered genotype/phenotype can be characterized.

[00241] Hahnetal (Nature 400: 464-468 (1999)) demonstrated, for example, that normal
human epithelial fibroblast cells can be induced to undergo tumorigenic conversion when a

combination of genes, previously correlated with cancer, were infroduced into the cells,
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[00255] 7. The nethods above, wherein the cells are cultured at one
or nore steps in a nmediumcOntaining a serum concentration |unging

Sty 8 iy i, i

t he cell teps 1h a mediumcontaining a
serum copmadésrmetlmi fof stedyirgtthexFfects 0DcEFh zone ProdictBPMCEE diffsEptiation.

wher ein I I

cont ai ni ]tt"ilg %@ %pﬁ?sgi %)éh)g%{)le}& ?ﬁ tcﬁ);ﬁd%ﬁgﬁgtﬁ ﬁgg%tr?gpé]fé éﬁcl@s::i 10i.d%‘|§he

met hod ofcdgdoat-exindiliie Gystemhiescaibedt tyiido geal. KBroa NatcAfiad. fee §54t 9361346835 nor e

steps i nggg d| um cont ai ni ng about 10-6 M dexamnet hasone. [00259] 11.
a

The neth bove, wherein the cells are cultured at one or nore

steps for at |east four 00260] .12. The th f t
above, w8243in Gella Cé’élesusﬁ%éﬁ %prrﬂgs]gffe&tspﬁ,ﬁ ?ﬁeflftr9§6€q%ao st.a errents

phenot ypgraree d% UﬂJniaElﬁfA éufél& a%QQU&r RieX agbadéSn tHem@vdI@hJcﬁtaltﬂaﬂﬁNa% mSa&s a

definitive endoder nmal heno e are cultured for
cells t mm@XtmI@ggesakqowép those of skill in the art allow mass c nlilrte of%lljxgldre%y 5 the

thousands of cell samples from different individuals, providing an opportunity to perform

rapid screening of compounds suspected to be, for example, teratogenic or mutagenic.

[00244] For studying developmental pathways, cells can be treated with specific growth
factors, cytokines, or other agents, including suspected teratogenic chemicals, Cells can also
be genetically modified using methods and vectors known in the art. Furthermore, cells can
be altered using antisense technology or treatment with proteins introduced into the cell to
alter expression of native gene sequences. Signal peptide sequences, for example, can be
used to introduce desired peptides or polypeptides into the cells. A particularly effective
technique for introducing polypeptides and proteins into the cell has been described by Rojas,
et al., in Nature Biotechnology 16:370-375 (1998). This method produces a polypeptide or
protein product that can be introduced into the cultore media and translocated across the cell
membrane to the interior of the cell. Any number of proteins can be used in this manner to
determine the effect of the target protein upon the differentiation of the cell, Alternately, the
technique described by Phelan et al. (Nature Biotech. 16:440-443 (1998}) can be used to link
the herpes virus protein VP22 to a functional protein for import into the cell.

[00245] Cells can also be genetically engineered, by the infroduction of foreign DNA or by
silencing or excising genomic DNA, fo produce differentiated cells with a defective

phenotype in order to test the effectiveness of potential chemotherapeutic agents or gene

therapy vectors.
Kits

[00246] Cells can be provided in kits, with appropriate packaging material. For example,
cells can be provided as frozen stocks, accompanied by separately packaged appropriate

factors and media, as previously described herein, for culture in normal monolayer and/or as
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comm tted endodermal phenotype are cultured for about four days, and
the cells that express a hepatobl ast phenotype are cultured for about

seven days: [0026 NGk Y. e ANt OtbrkiSteR pRksbell G6QE 6:0
net hods gr?g%té%lt“il rjflﬂge |d?/§{r%gt?%l(:Sfaée'hhciﬁledg!\ﬁgl%tug’dgnkipnitg?elr%?ng the cells of
t he i nvehidioion bidifierenilfiecian ald be privddedi ver defici ency. Such

deficiencies include, but are not limted to, toxic |liver disease,

met abol i Biﬂfe&éﬁﬁﬁt;‘oqitéﬁ@f?c pIRastRs! i ver necrosis, effects of
acet am nophen, chromatoSi's, WIlson's Disease, Crigler Najar,
hereditary tyrosinema, famli ,nt.rahepati.c .chol est.at | ,
oni t hi ne[(%¥4é%sc']3}eb‘&’ﬁ%°&ésea?s(°@@}aﬁcalé¥ :ﬁ:{ﬁfztgﬁ@ ,ethé’ﬂﬂgﬁ?ugé“g ¢ sewd'?agélfﬁder.
L00262] £ taE@ hddéeﬂ&@&ﬂfcrtﬂﬁﬁﬂeuﬂ@, cellil tthal le@préxeta hdpaﬂm;?eej phanptyps rmad/or
epatitis, chronic vir epatjtis A B, acut.e atjti C,
DB oybmegar BRTHeY B puatecr e b BEEr SRR b B, 1
ot her i nfamtihists 6 EAATARISAE hdassd wwlitiettiatd inwricklit tha Rxpress nalpfidveosi s,
hepat ospl eni ¢ schi stosom,asi s, liyer. dis e ins i]i
| ept ospi FRYeFeEmal lengRBeH ?f??m%g?‘iﬁ%qoﬁ?naa@g‘é@gg’ %g%ﬁéog%t RRe1oRB e
limtati g hdpanepehieasHieo s inveitidads dltesdisytadinenils pridtnosdbyJtbh metheds
syndronme and, Rotor' s syndrone..al coholic,liver di S8 1:
o Ehout 1 s imagiio, The SAByeRy Pyt 2mpp piyt tmes, i sPERSE LM AIey,
and t oxi Bvek inve@fbokiint eadies, ahdARESBfoxiEhe studieentGuitnrevwnéthodsearé Wescribad in

descri be nce to, the f.oll ow n ] LES
ol o HCTGSPFSIBE dirbrmy s enef o Sttt ARt ke B (SRR, RIS
(MAPCs) aidreRbddittinesnt,ifat dxanple,as icibe fdipeaibg ouniliersd aigemBask gr ound [ 00264]
Earlier studies have shown that spheroidal aggregate (3D) culture of
primary n@ﬁfﬁgoqy%%ﬂgmu%o} SnduBink IR BEERANELIRS cotlsali b ihspaAnse
enhancenen f Ti'ver specific functions over a |long culture period.
MAPC i sophetaypbef soowrigiegsit nat al rat, nouse, and human bone marrow can be
expanded in vitro in 2D culture wthout senescence and can

di fferenti at g)icOfRing ebilsSvitd dbbutrBaigafiab afine 500, ngfhichany pidcaboamich ng/ml
functional characteristics of hepatocytes. The inventors investigated
t he pos@ﬁwqtfﬁoqqu?im’coul d self-assenble into 3D aggregates and
differentiate into hepatocytes. MAPCs were successfully induced into

3D aggr egat esh)tthmtcubuchniglthe @lls gbaieh @) with hbauy1 ngfpl pphadewiglP0 gl bFGF
differenti,ati i .expressi on of several endoderm
4
mar ker s Z}nfiﬁééoug&ﬁ%%?gghﬁ?%%&%?ﬁ%@a’nd al bumn. Differentiation
(c) then culturing the cells of step (b) with about 5 ng/ml to about 500 ng/ml aFGF,
abont 1 ng/ml to about 100 ng/m! FGF4 and about 2.5 ng/ml to about 250 ng/ml FGF8b; and

(d) then culturing the cells of step (c) with about 2 ng/m] to about 200 ng/ml HGF and
about 10 ng/ml to about 1,000 ng/mi Follistatin.

{00249] 2. The method of statement I, wherein the cells are cultured in step (a) with
about 50 ng/ml Wnt3a and about 100 ng/ml ActivinA.

[00250] 3. The method of statement I, wherein the cells are cultured in step (b) with
about 10 ng/ml bFGF and about 50 ng/ml BMP4.

[00251] 4. The method of statement 1, wherein the cells are cultured in step (c) with
about 50 ng/ml aFGF, about 10 ng/ml FGF4 and about 25 ng/ml FGF8b.
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protocols for making cells with hepatic phenotypes has use in cell
therapies. Qher applications include use in drug toxicity studies,

bioartificial |jiver support. tissye L MReLdN e AREe@$n fef RYSHith
systemt@oﬁ%d;'dg%%WS%ﬁgﬁ{b% 'e“gilfsgg%% %6826{:?] A F'our-gtep 21- day
di f f er enjyoat doqi/mrHG G laboa $00dgsdiFolbetimbove, optim zed for nedi um
conponents, oxygen |levels and extra-cellular matrix for efficient

di fferentiation tg g F r RO HirE Rhtiard BRNGUIKPHE 2 aRfhtocyte
functi on@bﬁ[g’hapﬁac elpfgtg(%dlsgo\séﬁ%@cﬁgpat ocytes 1F#aom MAPCs. Ti ne-dependent
expr essi ghenatfpecemiqdieng genes was observed, including Goosecoi d, CXCR4
and HNF3b early representing the progression through definitive

endoder m  f ol byayedind vheABR AlchbbS 30 5H/AY WaiTaanddonsp agdi Agivim;t he
onset of hepéti c specification, and expression of al bum n, glucose 6

phosphates (GP), apd, cytochro PA5Q ,depi.cti b rafl t vel s
expr essed in@é%‘eé’i"“-r' rﬂt“’o'ifﬁf ﬁ?ﬁé%@%ﬁ?ﬁé%ﬁflﬁﬁgﬁéﬁpﬁ%& intgi on
to gene gypuession, protein level expression of differentiated cells
was al so observed by i nmunohi stocheraistry for HNF3b, AFP, CK18 and
al bumin and their fungti t Ljaea Bodel b $BYmnd
PAS st ai ni ng(‘g&};‘eng“[u)&}(%n eﬁgg%ugibggsy’ ?Pg%%!gfbhﬁgq P%%gng this #

di f f er engGEt dnd abat 2\PAEEFGEEb2@dnoNol ayer, the inventors investigated
the ability of MAPCs to sel f-assenble into 3D aggregates and expl ored
the possibil ij %héﬁfcuﬁﬂﬁ@@&%@umffsieﬁr(@%mbmao ndAPESFwaE sboatii0agAilul | y
i nduced into 3) aggregates that exhibited good viability, norphol ogy,
and undi¥dllistaint i at ed phenotype in terns of expression of high |evels
of oct3/4 and | ack of expression of differentiated markers when
formed uggeu) " NAPGarRgicells cambave Wpohxytiyerendofmabgnotyps. cibsequeat sent t he

ability to der go, spoqt ane Lul ti s ne I fd =10 wel |
s i r odebaltFPTEPRR AR For o B PR R PR s e R e eRelRe
expr essiiepatohlastlcdatypepaddtepsayicphérotypé, aspetiyelDPPI V, a bile duct
protein, and CYP2B1 and GOP, functional hepatic markers in 3D
conpar eﬁaobi% Lhe/'. F TERXRURRS Ve, Whefd {8 SRRNEE Bl atlbdel @it bagsiipR.

O her than F e advantage of obtaining nore ftnctionally mature

di  f er enméditne congaisiingsa seBIR eoupanliption AnGRE dew 0% Y3P&”model system for
studyi ng nascent 3D devel opnent and can potentially help in the

desi gn oposep! @bl EneGhHthodloe siayaém Thwlichad the aslls e cotired awecloramte steps
controlled tq, enhance differenti ah.i o# 189 671 Liver cell

t r anspl SALEFCRYPR SAANDE PISEPY COISEURHY HEPME&s are emerging as viabl e
clinical alternatives to whole organ transplantation as treatnent

t her api €90350} - &c UTte, mathirds abaye awistrame tha tsellsi age fultpeed atiprecQgRae steRiiR |
stem or prpgenitor. I h -1 j foh rom bone marrow,

peri pher@?ﬁ%?g%l&&nc%aﬁjaﬁtgpoggﬁa %’?a lgﬁlg;ldgg%%n{}'i ver, and enbryonic
stemcells with the potential to proliferate and differentiate into
chepat od§038] | R@: Theanqthodiod statemerd 9 gpherein (e Gells a FPINELIERRT OTANTS pteps
Progeni tn (8l b chdaREbork 364 AtdednfeRA@nROSt natal rat, nouse and human

bone marrow can be expanded in vitro w thout senescence,

differentiate in vitro and in vivo,.at the sin | . nto

i 11 or orloRgl | 18y et ol oo Pt nh o A B B B bLmb EN B ol B 0

t he advapisper @fs.not form ng teratomas when transplanted and can be
sel ected from aut ol ogous bone marrow wi t hout the need for

i tamunos S§LORs. 49 RS RES Bl Wihiihrive
differ en@ﬁg@g ﬁhp’@?etnrl‘%g?dzn%g&aéﬁeh%%ﬁt fgoﬁ%ﬁ%t el gl ce}i{plﬁs \ténr})gt secrete
al buni n @retennAapherdolyps ard tdpeetl doryaboud §ik daysc die|csllsafhat grpresy w|dpfnitive
differenti,ated, and. cul tur i el R0 tHELELQY QANBRES
popul at i%’ﬁo‘%m%eq%f%qwgea\féejrcg&%?% iaggﬁh%%e@ﬁ’om t hat spﬁpgr oi dal
aggregate (3D) culture of primary hepatocytes resulted in enhancenent
of liver specific functions over a long culture period. The inventors

¥
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CK19 at later stages of differentiation and the expression of
mesodermal transcripts |like IreCadherin (endothelial cell marker) and
SM22 (s mﬁ]&lﬁw%ﬁdcﬁemr I{ﬂﬂﬁaq(ge% &SRbRS fotr Laﬁouefauﬁaa@@ G8d B cAlsThat @ﬂ)ress
popul ati on of nesoderma pes and ' hepatocyte-like' cells at

di f f er ent? hepaiRpéast Rhenabepe gyeicpljur ﬁ@@“tsf"fen &Sas the inventors'

interest t.o investigate the potential of three- dinensional (3D

cul ture gy026H gﬁfxﬁdbrcfu@@)r thi hﬂéjﬁmh ib;hlﬁﬂirbﬂ’tfﬂttb aehods c%fh@atiﬂg Hﬁér@@ﬁ’c{i@cl]?s
precursors and, il i on, of pronoter- qrter_constructs, for
Phe. ser obF e i 1R b gt i = StV e diGr S1AenR QM he
_hgt ero ?garadem ciﬁ@ﬂnbluw B?ﬂa@dﬂ(@ mu&:ﬁ@?ﬁ% hﬁé‘r@]gbeﬁb,rtgdft?boh& Rt um&e&d ,h@ié%s _
identifi condi.ti gns f.or opti 0 [ .enti at. : in
3D spher FRERCEPYS FAFE TR a&ﬁlﬁﬁ&@ﬁﬁﬁéﬁ%ﬁﬁéﬁr Fal to
sever al aekditatyygesinesiap Gidilial adtayepafic tmsam@ﬁe B &hithih faGQubakiRYe

f ound th?tg,Bl_,ﬁgid' f.fer enél at ed %AP form 3D aggregates in culture and
that the 55‘?’%&?& WA ORI SPHE: capacity to differentiate.
Experiment 100271] Rat MAPC cl ones expressing high |levels of oct3/4
vere usell0P@l flwthert dierases findiiBChutigye aghilimied &, vijalehdphidtis, threnibatrgi ng

d t th d
(cont 11 1A B, 30 Sk ERRLAR £BNED, 2obrblfalo O iy RS0 °
medi a wi HYeo @ysfuncHor fire athemingectiovsi discasos yuchanst mt)out dipnitelticing eqxemiaanmms,on
basal 0 n i 44 h cel I
nunber | baprelrOy BB, ReD WRKORD oA teofiiredl BaShiliL08 0O

char act empiahplic gliseaes tsheh mmtbagrgh@gmoes hiemopiwomatesisa Ciftens\w wypdromet ry
and quanﬁhﬂi@wm&nrs@edmﬁle T ROYEEYRARES BROIDIE %941 diQsel B 28 GRihoyVAPC

media with LIP and’| ow oxygen con t|on was optinumas oct3/4 mRNA
expr essi nitatiag &ty lixers fiergtis Selresia aﬂﬁéﬂh@%ﬁ andiipde livss flisease. and af t er
aggregate formation and al nost 90% of the nunber of cells expressing
i n MAPCs[04263P %)rhb edveittonagil iegRitkerfdesciiBéd By reforitioe 36 @@ PR4wLg dathildihe
protein Ieve1 after formati on of aggregates (-69% . Further, the

oct 3/ 4 rBRPPevel s were conparabl e between aggregates formed using

t he hangi ng drop nethod or the forced aggregati on nethod. The
aggregat es al so expressed GATAG,EXNHEBE&Nnd Goosecoid at | evel s that
are conparable to expression levels in MAPCs and did not show any

expr essimampk 1d5iik RERAbIAE MARInBRAKENE p}dgkﬁt&?&st{m@egﬂ andg AAT and TAT.
| erenti atl on

Upon spontaneous differentiation I n asal nedia (upon
removal SiffededaiEROhe k@ eacd he cel | aggregat es under went
spontaneous differentiation to express Nestin and Pax6 correspondi ng

to neuroectoderm Flk-1 and 5M22 corresponding to mesoderm and APP
and Al bBumckpmandr espondi ng to the endOderm germ | ayer. Al though all of
t he above work was using rat high-oct3/4 expressing MAPCs, | ow oct3/4
rat MAPCs al so forned aggregates with the ability to undergo

di f f er erl90264]i oBRarlier stediesrhave gbavin thpipepberolfinleagsregate {3 pcdliredeinpémay 3D
aggr egates J L OMARNS & MePL,Gl.pRes Eh@&m % dreﬁﬁa@m%ﬁt LPGivEx QleaRs! On
of oct3/4 1 n"the aggregates and sequent under went spont'aneous

di f f er edwickensomerizdons eWltaieppded. tMABCflﬁoéﬁﬁeérfthS@ﬂabat slouspedidguman
[00272] yLipaB. i duEhe %&t inl2f upclug @1@&&%1%30%@%@&9@%%@%@ usi ng

the protocol optimzed earlier epat ocC erentiation

out cone ¢ cdlls Mié mmhp@gm@mhm@m@ ﬁ%ﬁlaﬁloéaltcbarwfgﬁﬁ@ efkdpeipoyd®. The
di fferenfdabls %es&x@?tﬁ:d ﬂ@ﬁosﬁ@ﬂ s dothg séﬁéﬁ?&rﬁﬂ]ﬂﬁmgﬁsﬁg\[ﬁgﬁes cimdi' AT

expression of hepatic nmarkers |ike al bum n, APP, TIR
Ther ef odifergntiate @t%bmtoems t MAPCs Wsreameassfirliygaduee intoe3T? agaerates dfat

under goicRignifi $abd | s ik, hﬁ&ﬁb%g;f%&j&%ﬁﬁﬁ%ﬁ &tlaﬁ%fal bRed B DRRBLA Gf

| i neage startin ma NAP
several endoderm markers like HNF3b, AFP AAT and albumm Differentiation
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[ 002731 Functional and structural properties of the- differentiated
aggregates: al bum n ELI SA for estl mating al bum n secretion rates, PAS
staining for n stpra [ 4i eatdoRe tHE
pol ar i zaPIiOB’ﬁ"grff\’l cel B’% epa dﬁﬁ%ﬁﬁf@%hgﬂgﬁﬂ,ﬁﬁg and ég l"uci da%rl ng
the ul tr gphitdtgad iihade u@&mrdmgttenmtsms bivrati§oielliyarspaost By canaesss
m cr oscopy. TEM n _add t he these oct3/4 expressing
MAPC agg? d%[:é]yséenbt&sé‘h}fﬁerFIOFre?r\%%%dledflsgirsescal abl e expansion of MAPCs
al so was expl ored. Materials and Methods "MAPC Medi a" [002741 PC
medi a cofooassheds Gofgten 2)-duovifigtentaion poitcRlewrsolesctibed AbqvernEigiAcd 1 di a
(DMEM (11885, G b Tl imix AP Unced) dilvbreRia86hlio
(MB770, SPYRRIO™T Q’P&Q'B? §§$e>?q:‘|§)r’?issu ?gx%a??nus errin-sel enium (1TS; .Si gna) ,
19% v/ v) dells lviithaherpimleaidali Hhowitypic, sad dwnctionsl parpeterinticngAhorstopiies fom™x | ¢
M dexane QLR fen Gadl @aﬁ&?%&hﬂn@ doSicgdta) ,
100 uni t%ﬂgﬁog@%gc F&)‘”’%‘%ﬁ%“wﬁ??@ of ggrtlregtgrrym n O/ v/g}g%et al
bovi ne séKGEﬁ(ﬁBSfmFﬂtle@herePE%géﬂg by praggAyion ded5Mler nal
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t
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to form bbzsa; h@onwlﬁgdmag@ffagﬁamn afemads it 0> 4000l Pahd viesiehtorsf a
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devel opetfeesiies, pats gxpited fg(%%)\e}ﬁﬁi S’f [3391?]% éﬂag%r&ﬁégﬁ?%c o ot for
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aFGF, 10, n =8 radfAVSe oPéthi blen
cul turi ng Re ce%:%ﬂ?d?l ﬁ%gDer}?gémntgga: mﬂﬁ&ﬁhﬁﬁ%ad agd 1016(;J‘1@DI§1

Fol | i st afunetiofiadly meure riiffrgnsiated wel(lﬁs dbr c'#%remr%@rﬁ H‘&ﬁ‘\‘é’ pedehswr
hepat ocyler ;9 r_t}aé%ﬁt 3@'dekré15ﬁ11é§1@£ﬂc§oan%€€ehﬁéll? hM@%l {hB ks EdcdBble culture

FO||IStaSt o differentiation of cells, undifferenti ated

MAPCs vveays;emqbetweltehp raenitoged gad @@H?llé"dﬂﬁﬁnﬁ?n"%%‘ﬁé‘}e%a“ﬁ?l lion cells were
obtained. Cells then were plated at 50,000 - 60,000 cells/cnR in

Matri gel ob2¥) T9ARE Q61 \WehdpBntalith bndatdliylarbetd thempiee albmargiegl ak rviable
expansi on rredl umuntil ¢ éﬁr each d 80 - 90 %‘% nt i ne %&t@ ctﬂ: TS
| at er. TH@ival aempleyeqds whale g FRp E’EaWtaﬁ (fmtph red tni was

swi tch edanﬁ%e@ib&ﬁcﬁfv@ﬂﬁléeﬁéeh OSl:vBiﬁUdtéiﬂm)r plezenior tdllg havedeteidertified fokd bedeon  of

P e e A R e N S

cul tur edydehIoN SYIEIER z{n'a%ilﬂ‘&@ﬂiitet inf Shepatoclyiadikasdls idivife et vaw.i on
di whi ch t ed 7N, 409 bi '
ARSI (T e T = R S

insulin-transferrin-selenitun (ITS) (0.25X), LA-BSA (0.25X) and
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Exanpl e 2. Conparison of differentiation of rat MAPC |lines R2old and
19 under 2D and 3D conditions. [00277] The goal of this study was to

denonstr ahe rhéaﬁxmahlbb ® dﬁaﬁkﬁeﬁ%wﬂb fhiBdue eﬁnbsaéﬂce rﬂlﬁ'@f&ﬂibﬂehﬁ bisro afid MARGS
when grown and cul ture

as 3D aggregat es. i nes, of
R2ol d anét hosinglgsedl ﬁ?%b“t%ﬁgeiﬁ%tﬂ TS te ,t,lgge §°61 I%G’H@F?%ﬁwé‘a@ays
as 3D agg.eaRhfisel &F M NErQORARC héO Biels la@t@@ -andVRRC veedicatedMfiol 5%
oxygen. At the end of the 16 day erlod 3 regates were

di ssoci a@@ﬁlombﬁ’@ﬂa&?&ﬁ“@ﬂ‘ﬁ@eﬂ? B’h‘@@%“f’?ﬁuﬁ%‘“ &% dishes, similar to
standard 2D nonol ayer mai ntenance of rat MAPCs. Subsequently, gr owt h

fact or npoRes) edaldichgeMAPCE aidedived shohﬁ ﬂamﬂ”e:yﬁm inevretomtverltivalin CEL S s and

neural pre |ls erf he, di.f [en} |at|o
conpar edeﬂlg‘%ﬁ’iﬁ@rgﬁtﬁe&%}fo % il aoc%eﬁ msu h 1'glnr?e n 2D
nonol ayeﬂlﬂemhﬂiawde aﬁturcullagest Isteatmnm ha*verampai hetekogehbeus dapelation & calises 11

ne' i 1 S7aL 0 b hu® b elRbT Bgereu pRTRURR & Ry SRR

t he dat aresilfed apgdadcedert bflive brecifie flpstiombvitr ailogduthge 8&icdgThedyanes

retained,the nt er, | L1 e t LAt
| evel s c%&?@%ﬁ@ hﬁlb'e?wg rﬁ(? 5! Pﬁyes?fmble lf% %ﬁjﬁ% %fte%fﬁ@ ekﬁ%\?h%&
coul d bepdusibilityaif diffdrentiatBDtocthid hepate linedghout | oss of quality, thus
making it anenable to scale-up in bioreactors. [00278) It will be

appr eci a@ﬁij@in) iggrgaiaagﬂe bt AdrtD of mghéyaﬁch&aé SRARASE rgsﬁlt”ofise}aﬁ'enﬁﬁde to

t he enbo described above w thout departing fromthe broad
i nvent i v%Tac’onﬁefbithhéﬁ@@ﬂ’ml | gvents siwisr da ovefularnEyer developmenit dpres

i nventi Oélnﬂr%) ?Q%Isl 'ﬁ‘cﬁi@é?crﬁx%&n%o?ﬂﬁ%f%' ? s fiTeRdicomavdlicnl asad, but

it isinte 0 cover nodifications that are_withip the sp|r|t and

scope of appiwl inplyding femationsof dst defiaifvesndpdrameaipprificrbien o e kol feremitve:

1. A conp@asdebh %n&%ﬁfdf%i Perial @F&if&?ﬁ:%&rﬁtoﬁfor B&)aloBlastRRT @kthrafic ifto
aggregat e of cells congélses cel

hat are not gggln oni ¢, stem gel | s,
enbr yoni Bngiepsh ‘bgrtoeyte-gke’ sellsn Pa) treating e 6 Yith £ fapahasopesande) |
t ?fﬂges Ofseﬁllﬁn Lreagtrakmted bishemandasamig AcRie aded mil-3adsk Npsoder sal
enbryoni ¢ |ineag

days, bFGF anc? BMP4 between days 6-10, aFGF, FG8b and FGF4 between days 10-14 and
HGF and Follistatin for the final period between 14-21 days, definitive endoderm markers

like Goosecoid and CXCR4 were transiently expressed in the first stage and progressive

increase in several endoderm markers including, o-fetoprotein (AFP), transthyretin (TTR),
albumin, -1 antitrypsin (AAT), tyrosine aminotransferase (TAT), arginase-1 and glucose-6-
phosphatase were observed at the mRNA level. Further, albumin ELISA revealed increasing
albumin levels in the medium with time, the protein level expression of albumin, AFP and
CK18 were confirmed by immunohistochemistry, and glycogen storage was observed by
PAS staining, There was also evidence of the above protocol’s applicability in the
differentiation of huyman embryonic stem cells to cells expressing AFP, TTR and albumin at
the mRNA level. Although there is evidence for existence of some cells with the mature
hepatocyte phenotype in the differentiation cultures, the persistent expression of AFP and
CK 19 at later stages of differentiation and the expressioﬁ of mesodermal transcripts like Ve-
Cadherin (endothelial cell marker) and SM22 (smooth muscle marker) indicates the existence
of a mixed population of mesodermal cell types and ‘hepatocyte-like’ cells at different stages

of maturity. Hence, it is was the inventors’ interest to investigate the potential of three-
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2. A conposition conprising an aggregate of cells in cell culture,
wherein said aggregate of cells conprises cells that are not

ermbr yOn! Sk EMLEAb) Sup AIPUAN BlHURE Bk AoRSt MAFRGSIchfoeads oan

differen’ing’_e.l_noce at least two of the endodernal,
ect oder il wiliehtive ©6 geraidr-IetieryanstEcE ifofclhe sgloction of e PHRACETES Yal

COMPOS! | g GQUDLISk R s RBLABE SHb L ARiaAC et abl o carrier and an

?ﬁg[egat peel wherei'n sard aggregate of cells conprises cells
are not enbryonic stemcells, enhryonic germcell.s.. or r

cel I's ani0e#@h dreprdinglys i Be e IvFpQss c’é?’:}q‘%?;(/ p@%g"sa o é’gé‘f’élt "o “gl?e %Phe
endoder npl 4 eGHOSe ABICs 30 9D IBRA6A tRBkrs efidiyaridohdit ditfagaiation fotenfial
conmposi tion conprising cells derived from an eg Ehe of.ﬁcel I.§
wher ei n_toaPtera get ot poghcally pfige %@@e"’@%l ﬁg?foﬁﬁ‘f gt updiftirentiated
enbr yoni grapkemGELD Sag%;%gﬂ&rsxﬂ Rieurd exdnheetht SD feregaesnenil fhe capditcan
differentiate into cell types of at |east two of the endodernal,
ect oder n@}ﬂ'ﬂfa?ﬂiﬂer-resoder mal enbryonic |ineages. -5. A conposition
conprising, i n cell culture, cells derived froman aggregate of
cells, V\M_ eBinBntsai d aggregate of cells conprises cells that are not
enbryonic stemcells, enbryonic germcells, or germcells and can

differentiate into cell types of at |east two of the endodernal,
ect oder n@2ANd ReSdARE eloncseorproyng igh lewelngbectd/4 grercpiserh B deriation

compos! LB QIR S 9P eiRBATHIBGR G 83D | HAIRRCERERD sioR Uited) oni
forced aggregation method (centrifugation) over a period of 4 days using MAPC media,
MAPC media without LIF (Jeukemia inhibitory factor), or differentiation basal media in both
Jow and high oxygen conditions. The starting cell number between 400-4000 cells/well was
nsed in both the methods. Upon characterization of the MAPC aggregates formed using flow
cytometry and quantitative real time polymerase chain reaction (QRT-PCR), MAPC media

(DH

with LIF and low oxygen condition was optimum as oct3/4 mRNA expression levels was
equivalent betwesn MAPCs before and after aggregate formation and almost 90% of the
mmber of cells expressing in MAPCs (~79%) before aggregate formation expressed oct3/4 at
the protein level after formation of aggregates (~69%). Further, the oct3/4 mRNA levels
were comparable between aggregates formed using the hanging drop method or the forced
aggregation method. The aggregates also expressed GATAG, HNF3b and Goosecoid at
Jevels that are comparable fo expression levels in MAPCs and did not show any expression of
differentiation markers like AFP, albumin, AAT and TAT. Upon spontaneous differentiation
in differentiation basal media (upon removal of LIF,PDGF and EGF), the cell aggregates
underwent spontaneous differentiation to express Nestin and Pax6 corresponding to
neurcectoderm, Flk-1 and SM22 comesponding to mesoderm and AFP and Albumin
corresponding to the endoderm germ layer. Alihough all of the above work was using rat
high-oct3/4 expressing MAPCs, low-oct3/4 rat MAPCs also formed aggregates with the
ability to undergo differentiation to several cell types. There is also evidence of 3D
aggregates from mouse MAPC clones that also retained the expression of oct3/4 in the

aggregates and subsequently underwent spontaneous differentiation upon transfer to

differentiation basal media.
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derived froman aggregate of cells, wherein said aggregate of cells
conprises cells that are not enbryonic stemcells, enbryonic germ

Ceast " two8R (e GaREREr oL bt R R W%ﬁ%’ﬁ‘?ﬁh&’w o don e
| i neagesoptiniizedAeaxbierpéisi hipatacyte diffaskistign, ithe cicpme it ent&‘“ was

differentiate J fm@@ Ledl,
er 1 S dF lsh BLRAY S5 drflo BABDBA oAt RARS Bt on

enbr yoni expsdssion oﬁhdpst;c mmﬁpry(hm elbyainnAER| TER, 44T gad ﬁﬁgeﬂ‘hgre ‘a itin
differentjate Q \Meni@ STt edmiRo
ect oder n#P*EH tdii:gre $s arg% Q{é%%% %bﬁtof %Dm% bauk B0 d

ni c neages to conditions producing
said di fufoehiedmpataﬂmﬁgcsﬂhﬂmgfmr@a ‘MABGdikeipbendtiPeal conposi ti on
conprising a pharmaceutically-acceptable carrier and a differentiated

cell, salhAl iithabhiokacieahhl popducest by GHRRAG AgaosT alyavie of

cel | s erefn sald aggregate of cells c?,n'grl Ses ’r%fc% %t Starrg not
enbr yoni BLISAe fiarc estimsting abogsh iseorefioR neles| F4° g, YPE® frat
can dif fﬁjﬁﬁsé ¢ ifeRigalg tht YP@Sza86n aito bﬁa@ﬁtapkmndflat&mbdﬁmc@dnal

ect oder ma mesoder mal enbryoni,c l.i ne es, ondi tions uci ng
sai d dif ¢1eq1@ﬁtlg the alrapgpqtural CQﬂaCﬁ?ﬂé?ﬁ%ﬁagﬁ "tf ’Hlsﬁ‘%%?ﬁcﬁ?il IR et PERS

differeniig ?ﬁgn GEd hsoRE ARMCRB /D YpRERRSMAGCCglmegaiaan iapeotintial owthad for
aggregate o ceélls to conditions E%HUCI ng said differentiated cell,

wher ei n @dauewfwse@wgw ises cells that are not
enbryonic stemcells, enbryonic germcells, or germcells and can
differenMia@ﬁaﬁsaiﬁ‘cltMetmhl types of at |east two of the endodernal,
ect odermal and nesodermal enbryonic |ineages. 10. A conposition,
conpri si gAPCMedil'| culture, a differentiated cell produced by

exposing cells derived froman aggregate of I ls,t i

prgdum g@“@éld%?@é}e@ﬁﬁ’%% 694’?‘?")? glflé‘?sﬁnél Rk Orde%éazg%l élg&fé (a:el l's
CoerPr i se I\Fi@/ﬂ ﬁlgfltﬁlgﬁxb%é gRILOCarﬁlSﬂd[ &Qmﬂ)sﬂ(ﬁﬁﬁvb& M@JB léq'ﬂﬂ\wm’ Sigyahm
cells, or ermcells an can c

east WO Do M B R BB A e S PLD0GEs B il

I |h neagessem,;glﬁrﬁnpnmg g;}gﬁm);aﬂxo:@ﬁp[dsmneﬁnso?o fﬁmn&); 19y I\éascorblc acid
parmaceut|ca y p e carri.e 9

pr oduced- 5@3@&0 L‘?q Bl d |R7%131 rggr(l)(ghl&gs er{h%&h%lgdz@ﬂv fete]
condi t i Wrsadmcapgg Hedlshedl dgfos AN USA).c) nghhl momheplé‘rfwalsﬁ?ﬂhafwfegat e

er m el Sy 10l i g sk 02hiEa AppEbloy SRS shlenil %‘21“‘*‘?’{’1;@2’5“ A
| east twgsaey, Otsh% 150 godercambethand taod é9Painitsimd messeolgeorsl nkibinry H15108

I I hod
e kA e RO AL 5 g kg e

conpri si are’no ryoni ¢ stem cel
enbr yoni 4 @&t sneeidus, of 84 wyeksn cel |s and can differentiate | nto cel |
types of at |least two of the endodermal, ectodernmal and nmesodenal

enbryoni g | i neagep@agR8dict i ons under which said cells aggregate.

[00275] MAPC aggregates were formed by using either the Hanging drop method or the
forced aggregation method. In the Hanging drop method; MAPCs were seeded at 100-4000
cells/well of a 60-well microtitre plate (Nunc) in 20 pl of MAPC medium/well. The plates
were then inverted and placed in 5% oxygen 37C incubator for 4-5 days for the aggregates to
form. In the forced aggregation method, 100-4000 MAPCs/well of a 96 well U bottom Ulira-
low attachment plate (Coming) were centrifuged at 1500 rpm, 4 minutes and the cells were

allowed to aggregate in a 5% oxygen 37C incubator over the next 4-5 daj,fs.
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13. A nmethod for making an aggregate of cells in cell culture, said
met hod conprising exposing cells, in cell culture, to conditions

under mb?ﬁer&@%@on%@ﬂ@@ﬂ&?%ﬂ& “wherein said cells fromwhich the
aggregate 1s made are not enbryonic stemcells, enbryonic germcells,

or germcells and can differenti,ate into cell,,t f .af
of the eHWgHdr nfltere & el &é{ﬂﬂ"‘ﬁ’eggtla Fal 2%?%?;6%%8%%%%28%;5@} "
gg.ﬁpA_ npgﬁmégdpfo; nelginhg ﬁ@n@haﬁmgeh :leaJs amd raats cdliolen magid i wlickeot]
ri sing._adm xin phaj maceuti ¢ -accept abl e ' i £
g0y cqat EMBrnEn 45 U ik JurBBEE PP Bani T A P
SIO]E f gp‘gr %,g@attogytfést ?dﬂl @ﬁt}flics. TaeiknyeRp @roig;eolrnoﬁﬁétédsqf th fofjewing:o(d) ¢uwdtudwed can
ntiate intg c types It f,th

ect oder Wﬁ&’lwﬂg’iﬂrgfégm &8 rﬁag%nlllfc g’ﬁgAe}sAcg S&ldém; ? )%q%gg&g%lrm
(r:rgl%pg Cediks 3;0&%¢w%m Wraghil blerlggraﬁ@m sp/mf BlR4 fos fous dayd; (Fethboehituring

I sing dis-aggregati, ce ' f Whek &
sai d agg%@%ﬁ%ﬁ%‘?g%%%@‘@m@@@@ewgﬁﬁgggﬁﬁé@ %orfg%gﬂ (?E;?gm c Ogét gm
gg: : S'E ygg;%%?ﬁl @) lg@ﬁm;m?ingshe ee’llﬁqmmmdte;e[ﬂ)safiﬂnw ogml dAIGE ande i ngml i nt o

S .of . eas 0 endoq .
nesoder nﬁ?m%%afg}’bﬁ’?f’? 4@?\&%@’5&‘? to cﬁséfmf&a%go% ﬁ%%‘f ?"?%%ﬁ"@%‘?@% pells
cu: E ure @empo s 'Erm{blitenﬁ &y Goliethiho d Pdonp iffirentjationtof dbiucsllagindifisreptiated
culture um ce erived from an : |
cai d- agol O deet el SLaite T AL S AP AR, At iblohp. (ARG
ce: : Si ewb;e:p?t&l&t [smmom-e@l,dos celizfond) éx Mnicigd! | (2opevdicd svallyli nitiakiye pelis e i nt o
ce ypes, of _at | east two of. th ,
mesoder nB B FBHIE Irrfelqlélﬁlgue‘ngq ﬁley%f%ﬂ%oérég{ % ¢ %&E%EF %h?ala%p' d.men’
phar nmaceeHlls eate weekgdwict with PRSahd themedivd: worspitihed ey diffaientiatipgmgdium.
To verify whether the addition of the cytokines had a real hepatocyte inducing effect,

differentiation was performed using basal differentiation medium only. All cells were

cultured in low oxygen (5%) conditions in the basal differentiation medium, which consisted
of DMEM (60%), MCDB (40%), ascorbic acid (1X), penicillin/streptomycin (1X), beta-
mercaptocthanol, insulin-transferrin-sclenivm (TS} (0.25X), LA-BSA (0.25X) and
dexamethasone (10°° M). A high concentration of dexamethasone was used because some
hepatocyte specific genes (i.e., tyrosine aminotransferase, MRP2 and tryptophan 2,3
dioxygenase) are upregulated by glucocorticoids, as they contain a glucocorticoid response
element, In the complete absence of serum, cell death occurred. However, using Wnt3a,
differentiation was induced in serum-free conditions. If no cytokines were added to the basal
differentiating medium, 2% serom was added until day 12 and then stopped. Because high

concentrations of dexamethasone, together with insulin, can induce adipogenesis, a lower

amount of insulin was used.

Example 2. Comparison of differentiation of rat MAPC lines R2old and 19 under 2D and 3D

conditions.

[00277] The goal of this study was to demonstrate the multi-lineage differentiation
capability of MAPCs when grown and cultured as 3D aggregates. Two lines of rat MAPCs:
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pharmaceutical |l y-acceptable carrier with cells derived from an
aggregate of cells, mhereln sai d aggregate of cells conprises cells

that are_no yoni ¢ cells oni.c cel erm
col | s anBoaR Gt PETIEY SEEvR B Ry pRoh P 4 CVes D PR the
endﬁdgr frrMAPcpﬁltamﬁnagbﬁmﬁ@b VRS R AR ith 5Dy Mgg«mc ;t]u 13&&@9&" the 18 dayA
net nho or | a | erenti a a, nmet no r's
exposi ngp%{wgga?ﬁ S0 By éﬁowgfcé eﬁef?@?t?ﬁ%niq TS e affég c“H’FlP fo
conpr i segaigtd B mbadlayss @alatahaneémmom@cst Sibsegbitly, gxﬁﬁ‘ihrl | feerou lﬁ?mwn
ate.Into ce t 0 at

cells, ermcell:s and can f.e

oast "t vOTPREES bR Pt S o5 oot P R PERBRYO A

I nﬁagefsﬂ;e diffeedtiglioht VS F@ﬁpﬁ’dd&b ﬂgfdemnajdxlods cfffrﬂgﬂﬂf{ﬂsﬁlthgdveeeﬁlhmtamwm A
met ho differentiated ce aid .nmet ho |\Si

expos: no A FORIBFLEIRE BToE 0P FuSe e Gepy B (B P 60 EHE )

pr oduci nﬂdﬁ:&f the @k présiog Bf makes cﬁrﬁisﬂ)qndl\n@&fﬁe ﬂlﬂ’éx&hﬂieﬂml&@@ﬁ@aﬂﬂat@&l S
conprises ce oni m ni c

colTs, ° Gheldie PRIPERA Eol 81 ih Ak P Gt B bR oy D e B

| east ch@taBerd ﬂh@omdmd@nﬁmfgo el ti-Gidenzerdiffesntiation apleslaimpetsble\to oeils

| i neages. A od ell. 0OSIti id
met hod CBHP gc} ’r‘hgij‘a i°h Tﬁ&s gﬁ?cg%gﬁlgﬁ gibncé ﬁ)ﬁ}lﬁ glﬂéoéﬂ%kscﬁ‘lature
medi um qmahtgi thhisfrheting it drr bbb 10 edale-updn biograi@en produced by exposing an
aggregate of cells to conditions producing said differentiated cell,

Wher ei n r5ii-a agtg.{r@%@taﬁ)r%ry?gltﬁosgwﬁ’é@ﬁ aft @lat Shal QEmﬁ:{ 1% fo the

enbryom C stem ce IC germce or ge S and can

di f f er erpmibadiments descrihefl pbavy péthous fleparting éra@tthet brenddiventive conrdpideareedd It
ect oder MRbnd ARIMBSREES, Yt RIBXANCis b BABES 0 the particular embodiments

disclosed, but it is intended to cover modifications that are within the spirif and scope of the

invention, as defined by the appended claims.
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21. A nmethod for making a pharnmaceutical conposition, said method
conprising adm xi ng a pharmaceuticall y-acceptable carrier with a
differentiated cell produced by exposing an aggregate of cells to
conditions producing said differentiated cell, wherein said aggregate
of cells conprises cells that are not enbryonic stemcells, enbryonic
germcells, or germcells and can differentiate into cell types of at
| east tvthf éhe endodermal , ectodermal and nesodernmal enbryonic

| i neages. = A nethod for nmaking a differentiated cell, said nethod
conprising exposing a cell derived froman aggregate of cells to

condi tions pr QdH&hﬂwltléﬁ'chﬁlsaneé’neaédrf’gta%doiceéllls1 wmgﬁ &daly g réba%ggfr @aate
al e . no e

of cells conpris y

er m cel 1<GTPTRES G5 el arehol Aty Ela ey 1915, BIRAORE 8o heUP GEPTT ST PR oy
| east t \milf@fenha'ﬁfe ik delidtyperatf, atdeasd dea phithe eadederrealoetdadatmal @nt mpeseregmal

| i neages.embABnic fheBBdshod for making a differentiated cell, said nethod
conprising exposing, in cell culture, cells derived froman aggregate
of cells to conditions producing said differentiated cell, wherein
sai d aggreegat é wfmpestion sonwising A8 esareasld o celisén qeb cultrehwherein gaid pedreastel df s,

terrbr yon:c ccentg%mb%ls ks tm aﬁ%f‘érﬁ’cﬂdn& s@é&dcén@@n@ fﬁi@b@&tdeﬁﬁ er gemh Qel%%'nﬂ
ypes of a
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of cel | s aggagatd gfe@"&:whqargmtshlataggre@atm@‘tce@rmwms celistteathateeiol smbrgerlisy iR

germ cel lcgis, SfbrgRlcGeGetds, oagtqu«,al& b Eérﬂi‘fﬁé?énilﬁé fitd dafl Bp&f bt 1635PRB obthe at
| east twg er,mal nesodernal enbryoni c

ngtﬁig}m%iecto?%ma ngméso% rmapemb cwfc llnea e .

| i neages. |ng arﬁ armaceut i cal conposition, said
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4, A composition comprising cells derived from an aggregate of cells, wherein said
aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ cells, or
germ cells and can differentiate into cell types of at least two of the endodermal, ectodermal and
mesodermal embryonic lineages.

5. A composition comprising, i n cell culture, cells derived from an aggregate of cells,
wherein said aggregate of cells comprises cells that are not embryonic stem cells, embryonic
germ cells, or germ cells and can differentiate into cell types of at least two of the endodermal,

ectodermal and mesodermal embryonic lineages.

B. A pharmaceutical composition comprising a pharmaceutically-acceptable carrier and cells
derived from an aggregate of cells, wherein said aggregate of cells comprises cells that are not
embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of

at least two of the endodermal, ectodermal and mesodermal embryonic lineages.

7. A composition comprising, in cell culture, a differentiated cell produced by exposing
an aggregate of cells, wherein said aggregate of cells comprises cells that are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least
two of the endodermal, ectedermal and mesodermal embryonic lineages, to conditions

producing said differentiated cell.
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differentiated cell with a pharmaceutically-acceptable carrier, said
cell having been produced by exposing cells derived froman aggregate
of cells to conditions effective to achieve the differentiated cell
phenot ype, wherein said aggregate of cells conprises cells that are
not enbryonic stemcells, enbryonic germcells, or germcells and can
differentiate into cell types of at least two of the endodermnal,
ectodernmal , and nesodernmal enbryonic |ineages. 26. A net hod
conprising adm nistering to a subject an aggregate of cells, wherein
sai d aggr&egat &\ marneetltisal consitisresnpasinga pHaabaceutieallgatceptable yarierandt em

cells, e@éaﬁe‘?&h.&ta&@éﬂ”&a@@é #férent.%d Qélrd??:cﬁ@éd By e%‘&é n@%ﬂ aggrfeézﬁé @mel]satvﬁerbuﬂt Y
cell types, of | east two endoder nal

mesoder el éﬁ%ﬁ%ﬁ?féellﬁ ‘i?é%ﬁ Ce”sé'“ﬁt aR 'Wé?’ﬁ%"”&?oﬁ%‘? F"“‘é‘? ﬁg‘balaw APEY &l ng
to a subjederma cpilsaamiatbetutancdifferedintoosiot sebriyreomprai asigiva of the endodermal,

phar maceujogéHnhand GleSicAR @m&?&nr id iBEagRE Go AAARGRPRABER Bla FRldhated cel.
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ectodermal and nesodernmal enbryonic |ineages. 29. A nethod

conprising adm nistering to a subject a pharmaceutical conposition
10. A composition, comprising, in cell culture, a differentiated cell produced by exposing cells

derived from an aggregate of cells to conditions producing said differentiated cell, wherein said
aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ cells, or
germ cells and can differentiate into cell types of at least two of the endodermal, ectodermal and

mesodermal embryonic lineages.

11, A pharmaceutical composition comprising a pharmaceutically-acceptable carrier and a
differentiated cell produced by exposing cells derived from an aggregate of cells to conditions
producing said differentiated cell, wherein said aggregate of cells comprises cells that are not
embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of

at least two of the endodermal, ectodermal and mesodermal embryonic lineages.

12. A method for making an aggregate of cells, said method comprising exposing cells that
are not embryonic stem cells, embryonic germ ceils, or germ cells and can differentiate into cell
types of at least two of the endodermal, ectodermal and mesodemal embryonic lineages to

conditions under which said cells aggregate.

13. A method for making an aggregate of cells in cell culture, said method comprising
exposing cells, in cell culture, to conditions under which said cells aggregate, wherein said cells
from which the aggregate is made are not embryonic stem cells, embryonic germ cells, or germ
cells and can differentiate into cell types of at least two of the endodermal, ectodermal and

mesodermal embryonic lineages.
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conprising a pharmaceutically-acceptable carrier and cells derived
froman aggregate of cells, wherein said aggregate of cells conprises
cells that are not enbryonic stemcells, enbryonic germcells, or
germcells and can differentiate into cell types of at |east two of

t he endodermal, ectodermal, and nmesodermal enbryonic |ineages. 30. A
met hod conprising adm nistering to a subject a differentiated cel
~produced by exposing an aggregate of cells to conditions producing
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differentiated cell.

19. A method for making a differentiated cell, said method comprising exposing an aggregate
of cells, in cell culture, to conditions producing said differentiated cell, wherein said aggregate of
cells comprises cells that are not embryonic stem cells, embryenic germ cells, or germ cells and
can differentiate into cell types of at least two of the endodermal, ectodermal and mescdermal
embryonic lineages.

20. A method for making a cell culture composition, said method comprising combining a

differentiated cell with a cell culture medium, said differentiated cell having been produced by
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35. A nethod of identifying an active agent, said nmethod conpri sing
contacting an aggregate of cells wth an agent in cell culture,
wherein said aggregate of cells conprises cells that are not
enbryonic stemcells, enbryonic germcells, or germcells and can
differentiate into cell types of at |east two of the endodermal,

ect odermal and nesodernmal enbryonic |ineages, and detecting the
effect of the agent on said aggregate of cells. 36. A nmethod of
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43. A nethod of treating a disorder in a subject in need of
treatnment, said nmethod conprising adm nistering a therapeutically
ef fecti ve anount of a pharnmaceutical conposition conprising a

pharmaceutical | y-acceptable carrier and a differentiated cell, said
differentiated cell produced by exposing an aggregate of cells to
conditions producing said differentiated ceil, wherein said aggregate

of cells conprises cells that are not enbryonic stemcells, enbryonic
germcells, or germcells and can differentiate into cell types of at
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ectodernmal differentiation markers.
30. A method comprising administering to a subject a differentiated cell produced by

exposing an aggregate of cells to conditions producing said differentiated cell, wherein said
aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ cells, or
germ cells and can differentiate into cell types of at least two of the endodermal, ectodermal and
mesodermal embryonic lineages.

31. A method comprising administering to a subject a pharmaceutical composition
comprising a pharmaceutically-acceptable carrier and a differentiated cell, the differentiated cell
produced by exposing an aggregate of cells to conditions producing said differentiated cell,
wherein said aggregate of cells comprises cells that are not embryonic stem cells, embryonic
germ cells, or germ cells and can differentiate into cell types of at least two of the endodermal,

ectodermal, and mesodermal embryonic lineages.
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50. The conposition of claim48, wherein the differentiated cell
expresses ectodermal and nesodernmal differentiation markers. 51. The
conposition of claim48, wherein the differentiated cell expresses
endodermal and nesodermal differentiation markers. 52. The
conposition of claim48, wherein the differentiated cell expresses an
endodermal differentiation marker. 53. The conposition of claim48,
wherein the differentiated cell expresses an ectodermal
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forced aggiscgaliryait gamh baiel.or germ cells and can differentiate into cell types of at least two of the

endcdermal, ectodermal, and mesodermal embryonic lineages.

34. A method of identifying an active agent, said method comprising contacting an aggregate
of cells with an agent, wherein said aggregate of cells comprises cells that are not embryonic
stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of at least two
of the endodermal, ectodermal and mesodermal embryonic lineages, and detacting the effect of

the agent on said aggregate of cells.

35. A method of identifying an active agent, said method comprising contacting an aggregate
of cells with an agent in cell culture, wherein said aggregate of cells comprises cells that are not
embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into cell types of
at least two of the endodermal, ectodermal and mesodermal embryonic lineages, and detecting
the effect of the agent on said aggregate of cells.

36. A method of identifying an active agent, said method comprising contacting cells derived
from an aggregate of cells with an agent, wherein said aggregate of cells comprises cells that are
not embryonic stem cells, embryonic germ cells, or germ cells and can differentiate into cell types
of at least two of the endodermal, ectodermal and mesodermal embryonic lineages, and detecting

the effect of the agent on said cells derived from said aggregate of cells.

37. A method of identifying an active agent, said method comprising contacting, in cell
culture, cells derived from an aggregate of cells with an agent, wherein said aggregate of cells
comprises cells that are not embryonic stem cells, embryonic germ cells, or germ cells and can
differentiate into cell types of at least two of the endodermal, ectodermal and mesodermal
embryonic lineages, and detecting the effect of the agent on said cells derived from said

aggregate of cells.
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59. The conposition of any of clains 8-11, wherein the differentiated
cell phenotype is selected fromthe group consisting of osteobl ast,
chondrocyte, bone, adipocyte, cartilage, fibroblast, marrow strong,
skel etal muscle, snoboth nuscle, cardiac nuscle, ocular, endothelial,
epithelial, hepatic, pancreatic, hematopoietic, glial, neuronal and
ol i godendrocyte cell type. 60. The conposition of any of clains
8-11, wherein the differentiated cell is definitive endoderm 61

The conposition of any of clainms 8-11, wherein the differentiated
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39, A method of treating a disorder in a subject in need of treatment, said method comprising
administering a therapeutically effective amount of a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier and an aggregate of cells, wherein said aggregate of cells
comprises cells that are not embryonic stem cells, embryonic germ cells, or germ cells and can
differentiate into cell types of at least two of the endodermal, ectodermal and mesodermal

embryonic lineages.

40. A method of treating a disorder in a subject in need of treatment, said method comprising
administering a therapeutically effective amount of cells derived from an aggregate of cells,
wherein said aggregate of cells comprises cells that are not embryonic stem cells, embryonic
germ cells, or germ cells and can differentiate into cell types of at least two of the endodermal,

ectodermal and mesodermal embryonic lineages.

41. A method of treating a disorder in a subject in need of treatment, said method comprising
administering a therapeutically effective amount of a pharmaceutical composition comprised of a
pharmaceutically-acceptable carrier and cells derived from an aggregate of cells, wherein said
aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ cells, or
germ cells and can differentiate into cell types of at least two of the endodermal, ectodermal and
mesodermal embryonic lineages.

42. A method of treating a disorder in a subject in need of treatment, said method comprising
administering a therapeutically effective amount of a differentiated cell produced by exposing an
aggregate of cells to conditicns producing said differentiated ceil, wherein said aggregate of cells
comprises cells that are not embryonic stem cells, embryonic germ cells, or germ cells and can
differentiate into cell types of at least two of the endodermal, ectodermal and mesodermal

embryonic lineages.
43, A method of treating a disorder in a subject in need of treatment, said method comprising

administering a therapeutically effective amount of a pharmaceutical composition comprising a

pharmaceutically-acceptable carrier and a differentiated cell, said differentiated cell produced by
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t he aggregate express one or nore of COct 3/4, telonerase, rex-1,
rox-1, nanog, GATA6 and sox-2. 65. The nethod of any of clains
12-45, wherein cells in the aggregate and cells derived fromthe
aggregate can differentiate into cell types of all three of the
endodermal , ectodernmal and nesodernmal enbryonic |ineages. 66. The
met hod of any of clains 18-25, 30-33, and 42-45, wherein the
differentiated cell expresses one or nore of endodernal, ectodernal
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44, A method of treating a disorder in a subject in need of treatment, said method comprising
administering a therapeutically effective amount of a differentiated cell produced by exposing
cells derived from an aggregate of cells to conditions producing said differentiated cell, wherein
said aggregate of cells comprises cells that are not embryonic stem cells, embryonic germ cells,
or germ cells and can differentiate into cell types of at least two of the endodermal, ectedermal

and mesodermal embryonic lineages.

45, A method of treating a disorder in a subject in need of treatment, said method comprising
administering a therapeutically effective amount of a pharmaceutical compaosition comprising a
pharmaceutically-acceptable carrier and a differentiated cell produced by exposing cells derived
from an aggregate of cells to conditions producing said differentiated cell, wherein said aggregate
of cells comprises cells that net embryonic stem cells, embryonic germ cells, or germ cells and
can differentiate into cell types of at least two of the endodermal, ectodermal and mesodermal

embryonic lineages.

48. The composition of any of claims 1-11, wherein cells in the aggregate and cells derived
from the aggregate express one or more of Oct 3/4, telomerase, rex-1, rox-1, nanog, GATAB and

SOX-2.
47. The composition of any of claims 1-11, wherein cells in the aggregate and cells derived
from the aggregate can differentiate into cell types of all three of the endodermal, ectodermal, and

mesodermal embryonic lineages.

48, The composition of any of claims 8-11, wherein the differentiated cell expresses one or

more of endodermal, ectodermal, and mesodermal differentiation markers.

49, The composition of claim 48, wherein the differentiated cell expresses endodermal and

ectodermal differentiation markers.

50. The composition of claim 48, wherein the differentiated cell expresses ectodermal and

mescdermal differentiation markers.
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69. The nethod of claim66, wherein the differentiated cel

expr esses

endodermal and nesodernmal differentiation markers. 70. The nethod of
claim66, wherein the differentiated cell expresses an endoder mal
differentiation nmarker. 71. The method of claim66, wherein the
differentiated cell expresses an ectodermal differentiation marker.

72. The nethod of claim66, wherein the differentiated cell expresses
a nesodermal differentiation marker.
51. The composition of claim 48, wherein the differentiated cell expresses endodermal and
mesodermal differentiation markers.
52. The composition of claim 48, wherein the differentiated cell expresses an endodermal
differentiation marker.
53. The composition of claim 48, wherein the differentiated cell expresses an ectodermal
differentiation marker.
54, The composition of claim 48, wherein the differentiated cell expresses a mesodermal
differentiation marker.
55. The composition of any of claims 8- 11, wherein the differentiated cell phenotype is

characteristic of cells selected from the group consisting of hepatocytes, beta islet cells, neurons,

osteoblasts, astrocytes, oligodendrocytes, cartilage, bone, muscle, connective tissue,

mesangioblasts, hematopoietic stem cells, lymphocytes, reticulocytes, myeloid cells, pulmonary

epithelia and skin.

56. The composition of any of claims 1-11, wherein the aggregate contains about 10 cells to

about 50,000 cells or more.

57. The composition of claim 56, wherein the aggregate contains about 1000 cells to about
5000 cells.
58. The compasition of any of claims 1-11, wherein cells are aggregated by the hanging drop

method or forced aggregation method.

59, The composition of any of claims 8-11, wherein the differentiated cell phenotype is

selected from the group consisting of osteoblast, chondrocyte, bone, adipocyte, cartilage,

fibroblast, marrow stroma, skeletal muscle, smooth muscle, cardiac muscle, ocular, endothelial,

epithelial, hepatic, pancreatic, hematopoietic, glial, neuronal and cligodendrocyte cell type.

60. The composition of any of claims 8-11, wherein the differentiated cell is definitive
endoderm.
61. The composition of any of claims 8-11, wherein the differentiated cell is ventral foregut
endoderm.
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73. The nethod of any of clains 18-25, 30-33, and 42-45, wherein the
differentiated cell phenotype is characteristic of cells selected
fromthe group consisting of hepatocytes, beta islet cells, neurons,
ost eobl asts, astrocytes, oligodendrocytes, cartilage, bone, nuscle,
connective tissue, nesangioblasts, hematopoietic stemcells,

| ynphocytes, reticul ocytes, nyeloid cells, pulnonary epithelia and
skin. 74. The nethod of any of clains 12-45, wherein the aggregate
contai ns about 10 cells to about 50,000 cells or nore. 75. The

met hod ofé2cl aiThe édmpositier ef anytdhelaiag-tig ahereinahé aifferentalizd Wwell 00 Gi-poeEhti=
to about 5000 cellis. 76. The method of any of claims 12-45, wherein
cells are aggregated by the hanging drop nethod or forced aggregation
met hod. 77. The method of any of clains 38-45; wherein the disorder
is a lives. di Seasenpositich o amycke claimSTHD, wmyacthe diffakntiateli aelds & bepatocyte-like
congestivg, heart failure, diabetes, hematopoietic transplant,
traumatic Brain injury, spinal cord injury or stroke. 78. The nethod
of any of clains 38-45, wherein the disorder involves danaged tissue
and t he tedssudhé sethndofGny ofttagnf2-4Sawikreic cella euhoagiegaeaud edlls derived from
cart il agne Hefais ShELELAL o HEbRoc SIDRLRCALS (Ley, r&qnﬁaﬁa‘sré@me APLEEN,
liver, Iung brain, | nmmune system connective, blood veSsel
pancreas "CNS, PNS and kidney tissue. 79. The nethod of any of
clainms 18-25, 30-33, and 42-45, wherein the differentiated cel

Phenot yps! S L REhGelorh PER ddifs BLAUANGGRELIS i o Rfodl4RO0dI8Skrived from

chondrocyte bone, fP , g marrow stronm,
skel et al %%reéates%%é’t %I“E’ Ce&!éW’&F Ea'ht'u‘é%lﬁ ‘h%Ertﬁ"ﬁ‘?rma'eﬁ‘a%“leHBﬁ' 2§

epi t hel | alesodeepaembryonialimeageat i c, hemat opoietic, glial, neuronal and
ol i godendrocyte cell type. 80. The nmethod of any of clains 18- 25,

30- 33, and 42- 45, in the dif tiated cell is, defi
ondoder a8, 51 ThemelASer Bl SRR, 188 PP aae e Gt wnagindie ki g
wher ei n tek@estes drerce moreat§ etioderinkl, eédodemrd amal mdsodepyaitdifiersdiadior markers.

67. The method of claim 66, wherein the differentiated celt expresses endodermal and

ectodermal differentiation markers.

68. The method of claim 66, wherein the differentiated cell expresses ectodermal and

mesodermal differentiation markers.

69, The method of claim 66, wherein the differentiated cell expresses endodermal and

mesodermal differentiation markers.

70. The method of claim 66, wherein the differentiated cell expresses an endcdermal

differentiation marker.

71. The method of claim 66, wherein the differentiated cell expresses an ectedermal

differentiation marker.

72. The method of claim 66, wherein the differentiated cell expresses a mescdermal

differentiation marker.
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82. The nethod of any of clainms 18-25, 30-33, and 42-45, wherein the

differentiated cell is a bi-potential hepatic progenitor. 83. The
nmet hod of any of clains 18-25, 30-33, and 42-45, wherein the
differentiated cell is a hepatocyte-like cell

73. The method of any of claims 18-25, 30-33, and 42-45, wherein the differentiated cell
phenotype is characteristic of cells selected from the group consisting of hepatocytes, beta islet
cells, neurons, osteoblasts, astrocytes, oligodendrocytes, cartilage, bone, muscle, connective
tissue, mesangioblasts, hematopoietic stem cells, lymphocytes, reticulocytes, myeloid cells,

pulmonary epithelia and skin.

74. The methed of any of claims 12-45, wherein the aggregate contains about 10 cells to

about 50,000 cells or more.

75, The method of claim 74, wherein the aggregate contains about 1000 cells to about 5000

cells.

76. The method of any of claims 12-45, wherein cells are aggregated by the hanging drop

method or forced aggregation method.

77. The method of any of claims 38-45; wherein the disorder is a liver disease or disorder,
GVHD, myocardial infarction, congestive heart failure, diabetes, hematopoietic transplant,

traumatic brain injury, spinal cord injury or stroke.

78. The method of any of claims 38-45, wherein the disorder involves damaged tissue and
the tissue is one or more of cardiac, neurconal, ocular, cartilage, bone, skeletal muscle, smooth
muscle, bone marrow, spleen, liver, lung, brain, immune system, connective, blocod vessel,

pancreas, CNS, PNS and kidney tissue.

79. The methed of any of claims 18-25, 30-33, and 42-45, wherein the differentiated cell
phenotype is selected from the group consisting of csteoblast, chondrocyte, bone, adipocyte,
cartilage, fibroblast, marrow stroma, skeletal muscle, smooth muscle, cardiac muscle, ocular,
endothelial, epithelial, hepatic, pancreatic, hematopoietic, glial, neurcnal and oligodendrocyte cell

fype.

80. The method of any of claims 18-25, 30-33, and 42-45, wherein the differentiated cell is

definitive endoderm.

81. The method of any of claims 18-25, 30-33, and 42-45, wherein the differentiated cell is

ventral foregut endoderm.
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82. The method of any of claims 18-25, 30-33, and 42-45, wherein the differentiated cell is a
bi-potential hepatic progenitor.

83. The method of any of claims 18-25, 30-33, and 42-45, wherein the differentiated cell is a
hepatocyte-like cell,
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